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=) ad Staniitze! petuitas traits i in the development of optical nerve and retina in La: 
certa “saxicola? 6°... A/S) sa aes o peree tee Perey | | 
ee eee Ee 
T-04887 Tlognucano kK Meyatu 26/V 1959 r. Tupax 5100 9oxs. 3axka3 15'| 


Popmat 6ymaru 70x 1081/16. Bym. a. 73/4. leu, a. 24 RMD) BKehKH Y4.:H3n. 1. 22) 
et tte ln Tee TO og ee 


2-a Tunorpapua Vspatenpctaa Akayemun Hayk CCCP, Mocksa, Ily6uuckuit nep., 10 


Aba alee AkayemMunu nwayr CCCP 
1959. Tom 126, Ne 3 


MATEMATHKA 


C. A, FEJIb®EP 


40 MAKCHMY ME KOH®OPMHOLO PAAHYCA ®YHAMEHTAJIBHOUM 
OBJIACTH PPY TIT bl “7APOBHO-JIMHEHHbIX MPEOBPA3SOBAHHA 


(ITpedcmasaeno axademuxom B. H. Cmuupucenm 9 IT 1959) 


Ilyctb {T} — coOcTBeHHO paspbiIBHad Tpyuma ApoOuo-nuHelinbIx mpecbpa- 
pBanuu T u {D}—cemeticTBo OJHOCBASHBIX OOsacTeli D nnocKocTH w, o6ma- 
AIOMLHX Cle AyIoulHMu cBolictBaMu: |) OOnacTb D He coqepKuT TOUeK, KOH- 
NYeHTHIX TO OTHOLWeHHIO K rpynme {T}; 2) o6acTb D ue CoqepxKUT JanHon 
CT€EMbI KOHEUHBIX TOYCK Qj,...,@m W Oo M TOUK, HM KOHIPYyeHTHBIX M0 
rHOUWeHMIO K rpyune {T}; 3) o6nactb D cojepxKur buKcupoBannyto TOUKY Co, 
PSEMUHYIO OT HEMOABYXKHBIX M IWMKJMYeCKHX TOYeK NpecOpasoBanHh rpyunsl. 
ipeuu Bcex oOOsacTeH cemelictBa {D}. ompeyenuTb oOOsacTb, KOTOpad uMeer 
ANOOJIbUIMH KOH(OpMHbIM payWyc OTHOCHTeJIbHO TOUKH Co. | 

_ Ofa 3ajjaua Opima MocrapseHa B pa6orte (1) u peulena JuiA BOAKOTIEPHOTH- 
eCKux rpyun. B nacrosujeH craTbe paccMaTpHBaiwTcs | Takue sae Ley WA 
TOPIX CyllecTByIOT MpocTble aBToMOopduble PyHKUMH. 

_ OG6o3Hauum yepe3 S,(T) Knacc dyHKuni 


ee fel cre ) () 


eryiApHbIX B Kpyre |z|< 1 mu oynosncTHo oTo6paxatomlux ero Ha OOacTu 
emelicrBa {D}. [locrapnenHan sayaya cBoquTea K ompeje/leHuio pete 
f'(0)| B Kaacce S,(T). 
| Teopema. Ecau gyaxyua f(z)€Sa(T) Oaem makcumym Byicaonany 
f’ (0)|, mo ona omo6 pasicaem Kpye Wz xe tra o6.nacme D, o6nadarowyto 
AeOyrowWumu ceolicmeamu: ” 
19, O62acme D, codepscawaa mouky We atecaehon chbyndamenmaao- 
lan o6nacmb Sy epynne {T} c paspesamu. Tpanuya ee cocmoum u3 KoHe4- 
1020 4UCNA AHAAUMUYeCKUX OY2, NONapHO KOKEPYeHMALX NO OMHOWeHUIO K 
pynne {T}, U u3 KYCO4HO-AHAAUMUUECKUX pa3zpe3z0e, UOYUUX Om epanuyet So 
L OKAHYUGQIOLUUXCA 6 MOUKAX Qy,..+,Am UAL UM KOH2PYeHMHOLX. 

2°, Kancdott nape Konepyenmnolx aye epanuuol Sy u npocmoim Oyeam pas- 
e306 coomeemcmeyiom Ha oKpyscHocmu |z|= 1 npu omobpasceHuu w = f (2) 
ee Oyeu OOUHAKOEOtL OAUHOL. 

3°. O6nacmo.D eduxncmeeHHa OAA OaHHot epynnol. | 

Jloka3saTeubcTBO. CHauana BbIBeqeM. BapHallHOHHy!o bopuyay pret 
HKLM Kgiacca ‘Sa (7. PaccmoTpuMm (byHKIUHI0 


m-+s 
p(w) —p(a,) 
y= Ow, ||) = 1g (®) — 4 (Co) ore ee oe 


je p(W)—Mpoctad OfHO3HauHad aBToMopdHaa (cbyHKIMA, IpvHagexamasz 
pynne {7}, umeroujaa B cbyHaMeHTaJIbHOH oOmacTH Vv TOJIOCOB; Q Ip 
=m+1...., m+s—kopHu ypapHenua p’(wW) = 0, mexkaulwe B HeKO- 
opon byHnamenrabHoit o6macTu rpynup; 0; (i= 1, , m+ s) — mpons3- 
OJIbHbIe MOCTOAHHbIe; g(W)— lpocTaA oOHOsHauHaA ‘aBromoppHad (pyHKILMA 
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rpynubi {7}, He UMelolLad B pyHaMenTabHOH OOacTH HMKAaKUX OCOOeHHOCTE, 
KPOME p. TIPOCTHIX TIOJIOCOB B IpOHSBOJIbHBIX TOUKAX Me (R= v(m-+s)+],. 
..,v(m-+s)+4), OTMMUHDIX OT KOpHelt we (R= 1,..-, v(m-+ S)) ypaBH 
Huh p(w) = 6; (i=1,...,m-—+s); h—Tpou3BObHOe KOMIIJIeKCHOe HCI 
Kak u B (2), moKagbipaerca, uro ecu [(z)€Sa(T) u 06pa3 Kpyra |z| < 
Tipu oTOOpaxxennu w = f (z) noKppiBaer BCe TOUKH We (k= 1,..., v(m-+S)+p 
To dynKkuua F(z, |h|) = O (f(z), |A|) up gocrarouno masiom |h| OyzeT p' 
ryJApHa WU OMHOMMCTHa B HeKOTOpOM KouIbue r<|z| <1. 
TIpumenaa teopemy I. M. Tomysuna ((*), erp. 125), monyyaem pyHKuW 


m-+s 


: 4 p(f(2))—P@) __ 
P@Q)=1@)+hgG@)—IO rare Ul see 
v(m-+s)-+u g o Oar Be 
—hef'(z) Dy = +hef'@) 2 posp t+ Ohh),  & 
R=" k k=1 k 
rye 
m+s 
Op P (Ff (2z)) — P (a) 2) DS GRE Ai 
vie (2,) p’ (f (2,)) wi PG (2,)) =); ’ eo ass (w)’ Wp = i@ 
qua R=v(m-+s)+1,...,v(m+s)+p; & 
m+s 


q (f (2p)) — 4 (60) Il [p (Ff (Z)) — P (4,)] 
Ee) es | 
2, PGP?) ms ait R= 1, .-., vim se 


I] te ¢ (@)) — od \ze| <1 


t=] 


() (Tf (2x) 2). 


Kak 4 B (?), NoKasbiBaetca, uTo dbyuKuHA f° (z)ES_(T). 

Ilyctb, Janee, w =f (z)— ona M3 9KCTPeMaJIbHBIX PyHKuHH u D — coo 
BETCTBYIOUAA SKCTpeMaJIbHad OOacTb. VH3 npunuuna JIunyenecda cuepye: 
uro D tpegcraBaset coOoH HeKOTOpy!O OJHOCBASHYIO (yHAaMeHTaJbHy10 O¢ 
JiacTb Sy rpynmbl {7}, Ccofepxkalllyio TOUKY Co, C pa3pesaMH, UyULMMU ¢ 
TOUCK Q,,...-,@m, WM KOHTpPyeHTHbIX K rpaHuwe So. IIpHmenaa kK cyHY 
mun f(z) BapHavHoHHylo dopmysly (3) HM yuHTbIBad MpoHsBONbHOCTA arg/ 
TlovlyuaeM H3 YCJIOBHA SKCTpeMaJibHOcTH f (Zz) paBeHCTBO 


v (m-+s)-tn a 


fey Te Elta B 

q’ (Co OL i k 

: ee —=0. 

p’ (Co) I P (co) — b; z I Zp 6 
@UKCHPYeM 2, ~~~ , Zv(m4s)-tu—1, 4 Zv(m+s)4+u CUMTAeM TepemMenHo 2. 


Monaras q (f (zx)) = Qe (@), 4 (Co) = Qo (@), q’ (Co) = P (W), oe = a (w) u 3% 
Meyad, YTO Me2KJyY aBTOMOPHBIMM (PyHKIHAMH p(w) Mm q(w) cymlecTByeT ay 
reOpanyeckoe cooTHomeHve O(p,q)=0, Nomyyaem ANA sKCTpeMabHO 
yHKunu w =f (Z) AuddepenynambHoe ypaBHenne 


v (m-+s) 
2 1 F 
Dyy!2 (z 72 Fe = {Ao P (w) LE >) Ap [Qz (w) ek Qo (w)] Ls 
(z) p’? (w) e 
¥ (m-+s) +Y—1 yy Tage 
+ B Py Pe) 
(kay on ac (0) ©, ? (#) I p(w)—p(a;) ° \ 
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Yrpepxyenua 1° u 2° Teopembl BbITeKaloT H3 ypaBHeHna (6), TaK Kak mIpa- 
AA YACTb eFO MpefcTaBssAer coOoH OHOsHAaUHYyIO aBTOMOpduy!o @yHKUMIO 10 
HOWeHHIO K rpymme {7}, HMelouLy!O BO BCHKON (byHfamenTasbHow o6sacTu 
MINb KOHEUHOe YHCIO MOmMocoB. YrBepxyeHHe 3° nomyyaeTca He3HauNTeJb- 
DIM H3MCHCHHeM JOKasaTeJIbCTBa TeOpeMbl equHcTBeHHOcTH M. A. JlappenTbeBa 
4), Teopema 4). Teopema jloKa3aHa. 

| Otvpascbh Ha sTy TeOpeMy, MOXKHO B YaCTHBIX CyUaAX HAXOJUTh 9KCTPe- 
faIbHbIe OOIacTH JorayKoli. B JambHeliiuem, Hapsyy c Kaccom S,(T), 6yqem 
accCMaTPHBaTb Togksacc S(T) d@yHxunh Buya (1), oro6paxatomux |z|< | 
Wa OOacTu {D}, oOnayatoujue cBolicTrBamMu 1° un 3°. 

1. {T}—mogxyanapuasn rpynunma. lpynna cocront us npeo6pasopannit 


aw x 
i= ae , ad—tc=1, rye a, b,c, d—jelicrsutTenbupie wesmble uncuia. 


Oo dykcopa rpynna l-ro poga. Ono u3 cbyHqaMenTasbHbIx oOsacTeli 
fects yacTb Ro BepXHeli NOJIYNJIOCKOCTH, 3aKJIOUeHHaA MexKy Nepnenyu- 


yspaMu K JleHCTBHTeJIbHOH OcH B TOUKaX —1!/. u 1/, M BHELIHAA 0 OTHO- 
ICHHIO K €(MHHYHOH OKPyKHOCTH. 

1 
Honaraem p(w) =J(w), q(w) = T@)—T naa)’ 
yHKuMa. J (w) —npocraa apromopduaa dyuKuusa (cm. (°), crp. 163). Mure- 
PUpyA COOTBeTCTBylolee ypaBHeHue (6), NOsyyaeM aHasIMTHYeCKOe BbIparxKe- 
ae JIA PYHKUMU Z = Y(wW), OOpaTHOH K IKCTPeMaJIbHOH: 


rye J (w) — mogyaapHaa 


Pt gd A SIAR, I TM ek 
ae OE ph Tt TEE ES, BE OE BS = J (z 
In  (w) WV a re dp-+ const, p = J (a), 


He Pm41() — MHorousen crenenu m+ 1; po = J (Co), pi = J (ai) (i = 1,..., m)e 
[ycTb m= 2; Co, Q,, Ag — UMCTO MHMMBIe HW Takue, uTO | <|a,| <|Co| < | @e|;. 
He TeopeMe, Asia dyHKunh f (z)€S,(7) HaxogMM TouHylo OleHKy 


’ 4 [J (co) — J (a1) | [¥ (Co) —J (a) 
0 ee 
(Ol STF Ceol J (as) J (ead 
; 4J 
} uacTHocTu, ecu f(z)ES(T), To |f Oar 
2. {T}—nogrpynna moxymapHow rpynnsl. [pynna cocrour u3 mpeodpa- 
DBaHui MOJYJApHOH Tpynnbl, B KoTOpbIx 6 Mu c JenaTcA Ha 2. OnHOl us. 
DYHJaMeHTaJIbHBIX OOslacTeli sABIneTCA UuacTb Ry BepXHeH MoOJyMNOcKOcTH, 
AKJIOUCHHAA M@EKy NepneHAukylApaMu K eHCTBUTebHOH OCH B TOUKaX 
lu 1 4M BHeMWHAA M0 OTHOMeHHIO K OKpyxXHOCTAM |w—+?/,| = */2. 
4 
— w) = —___—____., rye \(w) — MOAyApHas. 
Hoaaras p(w) =(w), g(a) Te) =i ep qe (wo) Ay Jap 
PYHKUMA, KaK HM BpIlle, Haijem 


BELO 
= — ee ee ie = h(a), 
[np (ey) 4 (P= Po)®(P— D1) (P— Pa) a CRE a wf (2) 


HE Po= (Co), pi= (GQ) i =1,..-,m); Pm—s(P)—MHOrOUNeH crTerleHH 
—1.B uactuoctu, qia m= 1; Co, @ UHWCTO MHUMBIX H |a,|<|Co| MO Te- 
peme HaxoguM Jia cbyHKuun f (z)€Sa(T) Tounyto olenKy 


, 4 [A (a1) — A (Co)] > (Co) 
| [ (0)| <S re (co)| x ai i! 


Tipe yKa3anuble Bblllle cbopMysbl yuia Ing(w) MoryT ObITh MomyyeHb! u3- 
Wopmysbi M. A. Jlappentbepa ((*), crp. 186). 

3. PaccmorpyM TIpuMepbl rpynu, AA KOTOpbIX CAHHHUHAA OKPyxX- 
fOCTbh ABMAAeTCA THABHOH OKPYXHOCTHIO, UMeHHO rpynnbl, PyH- 
HAMECHTAJIDHbIe OOJIACTH KOTOPbIX CLyKaT H30OpaxKeHWeM 3aMKHYTbIX PHMaHO- 
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BbIX TloBepxHocTeli KOHeuHOrO xKaHpa g>>2. 3a syHKunto p(w) Gepem po: 
cTylo aBTOMOpdHyto cyHKn mio, oroOpaxaromyio |w|<1 Ha yHHBepca/bHyK 
IOBEPXHOCTb HaJIO*KeHHA RK puManosoli nopepxHocta R. PynKywIo g(w 
CTpouM B Buye (°) 


v(m+s)+g+1 
q(Zj= Dy ar(p(w); p), 
=v (m-++s)-+1 
rye t(p; p,)— HOpMMpoBaHHEil 3JIeMeHTapHbIi adeseB wHTerpal 2-ro poya 
npuvagviexamul R, c MosIOCOM B NpousBO/IbHOH TouKe p, ER; a; — locToAH 


ubie. Mnrerpupys cooTpercTpylollee ypaBHenve (6), MoslyuaeM aHasluTHYeCKOl 
BbIPAKeHHE JIA (yHKIUMM z= (Ww), OOpaTHO K SKCTPeMaJIbHOH: 


DC \ [Co-+ Ao £2 (p; Po) + D) Bet (p; p) + 
i=1 


m+s 2-1, 
NT i Cae 1s pr) dp] ++ const, 
k=m+1 (+1 . ; 


rye 2° (p; Po), t(p; p™), t(p; p,) — HOPMMpoOBaHHble aJleMeHTapHble abeseB! 
WHTerpasibl 2-ro poya, MpHuagmexKamue R; re—1—mnopsqok TouKH pa3Beli 
BIeCHHA Pe (RK=m-+1,...,m-+s) [nopepxHoctu R; Co, Ao, Bi, Cz — mOcTO} 
AUMBIE Py = P (Co), P= p (ai). | 

Sra cbopmyvla mpeyctaBsaer cool o6o6uneHne Dopey, M. A. Jlappexte} 
epa ((4), cTp. 186) Ha Ksacc Sa(T).. | 

Oyuol u3 cbyHqaMeHTaJIbHbIx . oOsacTeH, ‘ conep»Kamux TouKy w=O0, AE 
jiaetca uactb Ry Kpyra |w| <1, BHELIHAA TO OTHOIMCHHIO KO BCCM H30MeTpH 
YeCKMM OKPY2KHOCTAM npeo6pasozanuii “‘Tpy tel. Croponst Ry o6pa3oBaHi 
JyramMu OKpy>KHOCTeH, OPTOrOHaJbHbIX PiaBHOH OKPYKHOCTH, IpHyem nonapH} 
KOHIpYyeHTHbIe CTOPOHbI HMeIOT OJMHaKoBylo: | AIMHy. J\na yacTHoro cay4as} 
Kora Ro eCTb MpaBHJIbHbI M-yrOJIbHHK, BEPLIHHbI KOTOpOrO JieKaT Ha OKpy2%} 
HocTH |w|=p< 1, c& =O, qua f (z)€S(T) nonyuaem tTounyio oueHky . 


rye mq (ON G<K2)— BHYTpenuue yrJIbl MHOTOyroJIbHHKa Ro. 


TopbKOBCKHii HHKeCHEPHO-CTPOHTeEMbHIM HHCTHIYT. =. Tloctynuno | 
um. B. IJ. Uxanosa 2 II. 1959) 


IWHMTMPOBAHHAS JIUTEPATYPA - 


1C, A. Teab dep, Martem. c6opn., 44 (86), 2, 213 (1958); JAH, 114, Ne 2, 241(195 
*C. A. Teapdep, JAH, 98, Ne 6, 885 (1954) aie ie Tony3u H, Teomerpuu| 
cKaad TeopHaA dbyHKWUMH KoMNeKcHoro nepemeHHoro, M.—J]., 1952. 4M. A. Jlasppe)} 
Tbes, Tp. Ous.-matem. uuct. uM. B, A. Crexnosa AH CCCP, 5, 159 (1934). 5 JI. i) 
pale Lisson Dat dyukuun, M.—JI., 1936. ®C. A. Tea bo ep, AH,106, Ne 
56), 


Hornaygn Akanemuun nayrk CCCP 
1959. Tom 126, N 3 


MATEMATHKA 


B. TI. PUIYWIKO 


Ob ONEPATOPAX THA MOTEHUMAJIA 4 HEKOTOPbIX 
TEOPEMAX BJIO)KEHHSA 


(ITpedcmaeneno axademuxom H. H. Bozontoboeem 16°11 1959) 


Mbt 6yyem paccmatpuBats dyHKIHH, onpeyemeHuble B HeKOTOPOM O6acTu Q 
-MepHOrO SBKJIMJOBa T1poctpancTBa Rn. Uepes Q, o6o3sHauuM nepeceyenne Q 
| Wiel lila SuMSMEDCHUN Ky! Nea — Nelle =.  — A, — 0; 

. OOosHaunM yepes Ly x(m) COBOKYNHOCTS  sbyHKUM —(Q), WIA KOTOPHIX 


ane le nena ale N Ame 


IPE, scan 


ne M— Pee poBHnea Touka “Rn; pee Touka, Q6macTH, Q; 
mee pa = (= P Fray =1). Yepes r(M, Q) mpl o6o3HayHM paccTosAHHe 
A eeny corer: u o B jae 

Hapagy c wae MbI OyeM paccCMaTPHBaTb. MpocTpaHcTBa , (byHKWHH 
1p, k(M)y ANA KOTOPbIX : yan a 


Welty = \le@ ects Qs <0, 
k(M) ) 


&s 


|e MER? we rie eae 
We Jina n= 1 et poa The Pa eRe paccmaTpHBaJin ee Kapa ul 


Wlutrappyy (+).c. 
Hac OyayT HHITepeCORAT CBOHCTBa OMepaTOpoB THIAa SUB INTENE 


Ag) =) 9 QP, Qa 


2 


! ykagaHHeix BBILLIe npocrparicTBax Sovinicriatis 
VimeeT mecTo caeqyroulad semMa, oOoOmlatoulax HepaBexcTBo Xapait— 
WTTAbByya (2). (cm. Takxe (7), cTp. 359). 


| Jlemma 1. Ecaup>1; q>p; s<n; EER OR mo umeem 
ecmo Hepasericmeo : 


a? \ \\ ir (P, Q) |SITE Te (P, MI Ir (Q, M)[* Q| <Killlea (1) 


Qs 


Tocaedunn Ky He saeucum om 9, Mu Q. 
Tloka3aTeJIbCTBO MpOBOAUTCA M3BECTHBIM MeTOJOM «TpeX MHOrKUTENeH» 
cM., Hampumep, (3), crp. 50). IIpumenas nepapencrBo Tenbpzepa c moKa3a- 


eJIAMH ae Se SS aig WILKS RNIN BHYTPeHHHi MHTerpadl B I. Ilocme storo 
q 


lOKa3aTeJIbCTBO HepaBeucTBa (1) CBOAMTCA K OKa3aTeJIbCTBY paBHOMepHOH 
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no P u M orpanuuesnocTw MHTerpada 


=f [UP A = NGO 
[P(P) OC) (Oni 


Q 


v papnomepHot no Q nu M orpaHuyeHHocTH uHTerpada 


” [r(Q, Mv tho’ dP 
yee J ir (PAO ee (ee a a 


Ss 


| 
| 
Snecb w= qn-+ p’s; v= qnut; v = p'sut (v+ v’ = 1). Onenku pare a 
ananormanpix I’ w 1”, umeotca B padore (') qua n= 1 u B paoore (*) Ay) 
SM 

C momoubio HepaBencTBa (1) serko MOxKeT ObITh LOKa3aHa CJIeLyIOUlel 
Teopema 


Teopema 1. Ecauu p>1; s<n; Tha aap mo onepamop | 


npu par Rens =i al. re Oeticmeyem us npocmpancmea Lp, r(m)& Lona 
n | 
20e h— nw6oe 4ucao, yOoeremeopstowee Hepasencmeam k<h<k + aan 


S 
—-—), u 
ai 5 be | 
CS (Gee ci 
IIpu amom 


Ane le 5 iy Sal lee, ea ( 


20e K,— nocmosnnan us nepaeencmea (1)*. 
Sameuaunune 1. Paccmotpum nogpoOuee cuyyaii, Korga {2 — orpaHi} 
yeHHan OOsacTb UW R= O. 
V3 teopem C. JI. Co6onepa u B. Il. Unpuna crenyer, uro onepatop A 

sp 

n— (n—aA) i 
Orcioya BbITeKaeT, 4YTO ONepaTop A, eCTb OFpaHHeHHbIi onepaTop u3 J 
s 

B Lj, acm) (A> 0) ANA Scan Gaae SATE 
Takum o6pa3om, Teopema | B paccMaTpHBaeMOM CJIy¥ae. LONONHAeT p} 
3ymbTaTpl C. JI. Codonepa u B. II. Uanpuna. as 
SameuanHue 2. Teopema | yoka3ana Hamu TONbKO ana h>k. Uy} 
h=R Mbl MOXKEM Ha OCHOBaHHH 9TOM TeOpeMbl YTBepKaTb, YTO eC O| 


jacTb 92 orpaHuueHa, TO onepaTop A) (=. +t+kR<K< 7 + =) TeucTByeT i 


s sp 
Lp,kimM) B Lg, e(M)> THe 7 < HG pg | 


2. Paccmorpum mpoctpaxctBo Lp, Bcex (yHKIMi, NpMHaqiexalux m1 
CTpaHcTBaM Lp, e(m) NpH nouTw Bcex MEQ, Ana KoTOpbIx 


lel, ea via Up Pleo, & eo 


° e 2 j s 
eCTb OF paHHYeHHbIi olepaTop, JelicTByiouuit u3 Lp B Ljs, rae g* = 


Ananoruuno m1. 1, Mbi Gyyem O6osHauaTb uepes Li» HOCTpOeHHBIe yKa3a’ 
HBIM CNOCOOOM MHOXKECTBA (pyHKIHit Ha NopMpoctrpanctsBe s u3smepeunii (s < fF 
Tak Kak nocTosHHaa K, Hepapeucrsa (3) He 3aBucuT oT TouKu M, To Teop 
Ma 1 moxKeT ObITh HeMeJeHHO Mepenecena Ha TIpocTpaHcTBa Lt s 

Teopema 1’. B ycaoeuax meopemu | onepamop A, Oelicmeyem uz np 
cmpancmea Ly, 6 Lon U oepanuuen. 


' 
} 


* na k=h=0 91a Teopema noxa3sana C. JI. Co6onesbim (®) u B. I. Mapunpim | 
npu ssén. Hnan=1 sta reopema poxasana Xapau u JlutTrabByzom (1). 
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] 3. Jlemma 2. Ecau p>1; p<q; O<kp<hq<s<n, mo cnpaced- 
460 Nepagericméo 


pa \ n 2h@) dQap< 
Q, Oo fa a 
See (2 nerve [Ir (P, M)] 
al Fd 
| f pI fe (ay 
| Savi ae oe & (P, 420 | te eA): adh, (4) 


4e K.—MoOcTOaHHas, He saBucaulaa oT 9, M u Q. 


1} C nomoupto HepaBeycrpa (4) merkKo foKa3biBaeTca cuefyrollad Teopema, 
PrunuBaioulaa Teopemy 1’. 


meopema 2. ycmb p= 1; s< nt 0<k<-. 
Ecau 7 +kR<aohkh< ae = Oe 7 , mo onepamop A, Oeticmeyem uz npocmpan- 


nea Lp, k @npocmpancmeo Lj, u oeparuuen, npuuem h — aroboe uucao, ydo- 
neméopsuoiuee Hepasencmeam k[n —(n—}+ k)p][s—kp]? <h<k, u q on- 
POeasemca paeencméom (2). 


n vy 
Ecau eh} = ra +k u o6aacme Q oeparnudenxa, mo onepamop A, Oeii- 


meyem us Ly, p 6 Lo,n WU Oepanuden npu aobox h>Ou p<q <=* 


}| J\1a nowHOTHI H30x%xXeCHHA 3aMeTHM, UTO OODIUHBIM MeTOOM (CM., Hallpu- 
2p, CyicTps 49) Jassie MOXKHO JOKa3saTb, YTO B Clyyae, Kora OONacTh Q 


baie omepatop A, elictByeT u3 Ly z B MpocTpax- 


BO HeIIpepbIBHBIX fa me: C wu orpanuuen. 

) 4. CoBOKyMHOCTbh BCeX CYMMMpyeMbIx B Q dyHkuui, /-e o6o6uleHHbIe Mpo- 
| ag Aopgeats NBG eas Lp, e(My (Lp, k), 0603HauuM WY, omy (Wi). 
Ipoctpanctza W\),, m0-BuyuMomy, BrepBble paccmaTpuBasuce JI. HupenGep- 
pM (°). On ToulyuHJI HeEKOTOpbIe TeEOpeMbI BJIOXRKeHHA MIA ITHX MPOCTPaHcTB. 
}) TOMOLIbIO pore 1, 1’ w 2 MOxKHO OKa3aTb pA TeOpeM BJIOXKeHHA JIA 
pocrpancts WY, (my u wi, KOTOPble€ YaCTHUHO ONYOJMKOBAHEI B (7). Secb 
bl IIPHBEEM TEOPeMY BJORKeHHA JIA CMeMMAIbHbIX KJIACCOB (pyHKIMH B He- 
|) PaHHYeHHbIX OONACTAX. 

| Ilyctb 02— HeorpaHnyuenHasa O6sacTb c rpanuueH S (rpaHuita MOxKeT yxo- 
WMTb B OecKoHeuHOcTh). Mb mpeznosoxKHM, 4TO m00aMd ToUKa Q-+S yocru- 
heTCH KOHYCOM C yrsioM pacTBopa ¢, WeHKOM JexatnuM B (3a HUCK JO- 
BPHHeM, MOXKET ObITb, BePUIMHbI KOHYyca). 


0 0 
Yepes Wan u Wy, Mbl OOO3HAYUHM TIpocTpaHcTBa (yHKIWHH, NOJyueH- 
je 3aMbikanuem B Hopmax W, «vy, u WW, coorsercTBeHHO MHoxecTBa L pas 
PIIPepbIBHO Auddepenuupyemplx B 2 cbyHKuHH ¢ (P), OOpaljaloujuxcaA B HyJIb 
He HeKOTOpOrO Wapa T.,. Jlerko NoKa3aTb, UTO AIA Takoro pofa PyHKIUMi 
paBeqimBa oleHka 


19 (P<CU, | |D'e QP, Vag (5) 


Ll 2 
Pst => (| ’ Ya; = 1, OS Geo aaa Bae 
by + OX, 


* Tlocne MexBy30BCKOrO coBellaHHA NO (yHKUMOHabHOMy aHamusy B Yr. Omecce B 
N58 r. aBTOpy CTaJIO USBeCTHO, TO pe3yAbTAaTbI, OM3KHe K Teopeme 2, OplmM Momyue- 
31 Hesapucumo X. JI. Cmosuuxum. 
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V3 (5) c nomompro Teopem 1, 1’ wu 2 monyyaem culemyroulyio Teopemy. 
Teopema 3. Jlycms p>1, s<n u m ydoenemeopsem Hepasencme| 


n Tis 


) 0 
Ecau ae <R<S = u oe Y: (M) (We), mo, Npous6oOnole NopAOKA t} 


dynkyuu — npunadsencam Lo, acm (La,n), npurem 


aa 5p | 
ial ae ey ERE PIE he (é 


Ah yOoenemeopnem  ycaceunsm k<A<1+k—m—* = g 
Bonu ore OroR 5 —u o€ wo ky MO npouseodHele ~ nopAOKA m npuHac 
Aencam, Kpome mozo, ie Be pe h yoOoeremeopsnem ycnoeuam k a 


<A<k u q onpedeanemca paeerncmeom (6). 
Be 3aKIOUeHHeE aBTOP BbipaxaeT OnarogapHocTb C. IT. K peliny 3a PYKG 
BOJCTBO padoToH. 


Tloctynua10 
12 II 1959 


UWMTHPOBAHHASA JIMTEPATYPA 


UH. Hf. Hardy, J) E. EP tte woods Math: Zs., 27,505 41920)" ae 
Xapau, JK. . E..JlLuttrapsya, TT. Noawa, “Hepapenctsa, * VII, , Loa 
8C. Tl. Co60neB, Hexoroppie npumenenua :byHKUMOHaAbHOrO ahaH3a B MaTeMaTHUecKCp 
usuKe, JI., 1950, 4B I. Uabpu H, Ycn.. matem. Hayxk, 11,4 (70), 431 (19568 

5 C. JI. Co60mep, Maren. cGopu,,.. 4... (46), 3 (1938). ie Nirenber 
Comm. cn Pure and Appl. Math,, .9, 509 (1956). TB. Il. Ton y 8K 0;. Cs aa eH) 
TAH, 122, Ne 6 (1958). : 


a 
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Moxnagn Akanemun nayr CCCP 
1959. Tom 126, N 3 


MATEMATHKA 


A. ® AABAAEHKO 


BOMPOCY O PEWIEHHH METOJOM CETOK OCECHMMETPHYECKON 
SAWAUH JMPHXJIE JI YPABHEHHSA JIANJIACA 


(ITpedcmaeneno axademuxom C. JI, Co6oneceim 11 II 1959) 


B 3amerxKe (') MbI N1pefJlOxKUJIH MeTO, MOCTPOeCHHA pa3HOCTHbIX ypaBHeHHit 
IA peuleHuA MeTOAOM CeTOK ocecuMMeTpuyecKkon 3afauu JIupuxse Aa ypaB- 
HeHua Jlansaca 


14 Ou 02u Ou - 
cee rreg ry ee (1) 


ie 7 — payvasibHad KOOPAMHaTa; Z— KOOpfMHaTa, HallpaBJIeHHaA BAOb OCH 
Hummetpuu. Tam xe Obliu NOJy YeHbI 9-roueuHbIe KOHCUHOPa3HOCTHbIe CCOT- 
pfoulenia Ana cayuas KBaf[paTHOH ceTKH C WaromM A, OcTaTOUHbIe WIeHbI 
: KOTOpbIX MMeIOT NOPALKH: JIA Y3sI0B, He Jle%KaulMX Ha OCH CHMMeTpun, H§, 
a y3ioB ocu A®. [Ipu stom HeKoTOpble KOSPUUHeHTbI STHX ypaBHeHHH LA 
Ho, =hA uv r,= 2h UpanMMaiwT OTpullaTeJIbuble 3HAaueHHA. 

OAHakO OKa3aJIOCb BO3MO%KHBbIM TOCTPOHTh TeM 2Ke MeTOJOM 9-TOUeUHOe 
KOHCUHOPASHOCTHOE COOTHOLWEHHE C MOJIOKUTEJbHBIMH WIA BCEX fy >A KOIp- 
pMILMeHTAMH HM OCTATOYHBIM wWieHoM nopayKa A’. STO MW ABJIAeTCA MeJIbIO 
HaCTOAMLEH 3aMeTKH. 

|. 1°. HanomuvM, uTo np ompenenenuu B (1) KosddulMentoB 9-TOYeUHOTO 
KOHeYHOpasHCCTHOFO ypaBHeHHA JIA NPOH3BObHOrO BHYTPeHHeroO y3vJla CeTKH 
KOOPAHHAaTaMH (fo, 2), fo3¢0, HAM MpPHXOMJIOCb peulaTb CJeAyrOUlylo 
PMCTeMy JIMHeHHbIX YpaBHeHHii OTHOCHTeJIbHO HeU3BeCTHBIX 0b; (i = 1, 2, 3, 4, 5): 


by + be + 265 + 2b, + 26; = — bo, 


b:Don (To + A, Zo) + OsDan (To — Ay Zo) + 203Don (ro + hy 20 +) + (2) 
4 2b,Don (Tor Zo +h) + 20;Don (ro — A, Zo +A) = 0 (n= 1,2, 3, 4). 


yi 


Brhecb dyHkunn D,, (7,2) (n= 1,2,...) uMeloT BHT 


n—2v. 92 —n 


Dan (1,2) =(—1)" » “eareaar Patz 2), 


(n —v)! 


Py (r,2) =(V Pope NP |e | 


P., (x) — nomMHoMb! Jlexanyzpa. 
| OrpaHwunBascb B cucTeMe (2) MepBbIMH YeTbIPbMA YpaBHeHHAMHM HM OCTaB- 
WIAA Tipu ee PelIeHHM MpOUsBOJIbHbIMU bo U bs, HaxXOAUM AA b; (é = 1, 2, 3, 4) 


b; = © (E) [Oom12 (&) + Ss@22(&)] (i = 1, 2, 3, 4), 


re w(&), 42(&) WU @s;(&) — HekoToppie dbyHKuMH €=A/ro, ABHbI BU KOTO- 
pbIX MbI 3@Cb He IpHBOMM. 
ATL 


Coornoulenne (5) 43 (1) B STOM CuyYae MepelMueTcA B BHIe 
Bott (To, Zo) + byt (To + A, 2) + bout (to — A, 20) ++ 
+ bs [u(ro +h, 20+ h) + u (ro + A, 2 —h)] + Os [4 (70, 20 + A) + 
+ u(r, 29 —h)] + 5 (u (ro —A, 29 +h) + U (to —h, 2% —A)]=Ra, (3) 


aye 
aes > Ang {Bolin + 85 [Len + 2Den (To — fh, 29 + A) I}, 
u—- 
Lin OO, Oe Fore h, 2) + Oj2Don (To — h, 2) + 20 j3D on (To + h, 2 + h) a | 
- 20 j4Don (To, <0 = h)] (j = ibs 2). } 


Bpi6epem Tenepb bo) H Us TaKMM OOpa30M, U4TOOK OCTAaTOUHbIM yieH Ro, ~ 
opmyse (3) Obit nopayKa A’. Tlonoxum 


Bewa-te» DORA, 
bo = Ts > — 735000"? 


281_ 45 | 2933 py _5863_ 45 
Z000* * 270000 2160000 


4 1. OTass 

OFS 5G 40 & 7000 § + 5 

i 

Torga MMe€eM OKOHYATECJIbHO CIENT YIOULEe KOHEYHOPa3SHOCTHOe COOTHOLMUECHHE? 


U (Congo) =e Cie Coach) a eae 
+ b3[u(ro + A, 2% +h) + Uu(to +h, 2% —A)] + by [U (To, 29 + A) + | 
+ U (fo, 29 — h)] + 6; [u (To — A, 29 +h) + u (ro —h, 29 — h)] + Rov, (4 


mae 
b, = o(t)[o1(€) + +8 (|, 
b, = p(@) |r (@) — Ee. @)], (5) 
4 1 1 
bs = 7 0(8)[25(@) + > baal], 


B, 0 (6) S5 (8), 


bs = (8) [20@) — pba ©): 
PO=aw, §= +, n>h, 
oot) = 1+ 58S, gona oe 
s)=I+in? iat w@=1+ Se Pee | 
a(t) = 1+ Bogs — Se es ()=14+7%— le, 


| Ror| < C,A®&M, + O(h?). 


Syecb C, — BONE ONpezeseHHad NOCTOAHHad, He 3aBMCANaAd OT Iara ceTK} 
hu u; Mg—nanOombuiee 3HayeHMe aOcOJIOTHbIX BeJIHUMH UacCTHBIX MmpoHe 
BOJHbIX BOCbMOrO NopsjKa OT WU B paccMaTpHBaemMol OGvlacTu. | 
OuepnyHo, auto 6; >0 (i= 1,2,3, 4,5) aaa Bcex ry > h. 
OrOpacbipaaA B TOJbKO YTO BbIBeJCHHOM CooTHOMIeHHH (4) nH B COOTHOMeHH 
f 8 
(9) pa6ors (1) ocrarounpie unenst Ry, u RS) coorsercrsenuo, NOJYUHM CUE 
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|) 


(yfoulve ypaBHeHHA B KOHCYHBIX Pa3HOCTAX: 


u (Fo, 2) = Oi (ho Ae A, 20) 4 Ogu (79 — A, 25) + Og [tt (ro + hy 29 =) 
+ U(r + A, 2 —A)] + by [U4 (ro 20+) + U (ro 2 —A + (7) 
+ 65 [u(rTo — A, Z +h) + u(ro —h, 2) —A)], lesley 


u (0, 20) = xa (h, Z0)-+ [4 (0, 2 +h) +4 (0, zo — A) + 
+ [u(h, 20-+ A) + u(h, 9 —A)), fo 0; 


OJIb8YACb KOTOPBIMH, MO2KHO TPH 3aJJaHHbIX 3HAYeHMAX UW BIpaHMYHBIX y3sax 
PONACTH ONpeteMTb NpHOAMxKeHHbIe 3HAYeCHHA UW BO BCeX BHYTPeHHUX yavlax. 

2°. Ecau onpegenutb 6; (i = 1, 2,3) u3 nepBbIx Tpex ypaBHeHHit CHcCTeMBI 
) uepes bo, bg uw Ob; MU BbIOpaTb 3aTeM NoceqHHe U3 yCOBUA, YTOOI B cbop- 
ye (3), 3anvcaHHoH Ja sToro Cayyas, OcTaTOUHbI ue Obi nopsyKa AS, 
O NOJYIHM CJieqyIOllee KOHEYHOPa3HOCTHOe COOTHOLIEHHe: 


U8 (P'o5\2o) > Bis Py Ry 20) Oat (rg hh en) ae 
+b, [U (ro + A, 29 +h) + 0 (ro + h, 29 — A) + 
Dy Wo, 2 EH) (ro, 20 2) bs (zp - 
in Ty — eo 1) Roo, Lo A, 


, KoTopom 6; (i = 1,2,3,4,5) umeior pug (5), a o,(&) onpeemsiorca m0 cae- 
Fy!olluM, Ooslee mpocTbim, yem (6), dopmyviam: 


o()=1+3", a@®=14", a@=1+ 88, 
aQ=tteoh, a—14+i5%,  s@=1+ ge. 


pu 9TOM 
| Roo | < Cph°Me + O(h*), 


ine C.—BMOJHe OMpefeseHHad MOCTOAHHAaA, He 3aBHMCAWlaA OT Wara CeTKH 
| uu; M,—uHanOompmee 3HayeHHe aOCOJIOTHBIX BeJIMUHH YaCTHbIX NpOH3sBo]- 
AbIX WeCTOrO TicpsyKa OT uU B paccMaTpHBaeMOH OOIAaCTH. 

) 3°. IIpumep. Ilyctb tpe6yetca Halitu pemenve u(r,z) ypaBHenusa (1) 
FHYTPH WHIMHApa Kpyroporo ceyeHua payuyca R, O<z<H, yygoBnerBopa- 
bulee TrpaHHuHbIM YCJIOBHAM 


Jo (0.5r Jo (0,5R) ch 0,5 
w(r, 0) = 2 OF) ur, Hy) = (0,57), u(R,2)— 2 


TouHbIM pellieHHeM paccMaTpHBaeMOH 3aauN ABsIAeTCA PyHKWMA 
Jo (0,5r) ch 0,52 

ch0,5sH 
Nonaran R=H —=3 w BplOupaa war cetku A= 1, Momyyaem: 


ts 2 


7 Ilo Ca soe: Tlo opiate Toes 


u(0, h) | 0,47934584 | 0,47931866 | 0,47934932 
u(0, 2h) | 0,65595291 | 0,65592300 | 0,65595745 
u(h, h) | 0,44985473 | 0,44982107 | 0,44985487 
u(h, 2h) | 0,61559615 | 0,61555605 | 0,61559626 
u(2h, h) | 0,36679713 | 0,36679535 | 0,36679699 

(2h, 2h) | 0,50193731 | 0,50193512 | 0,50193713 


Tloctymnio 
16 XI 1958 


IMTHPOBAHHAA JIMTEPATYPA 
171. ®, Tapugzeuxo, JAH, 110, M 6, 910 (1956). 
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Jloxnagn AkawemMun Hayk CCCP re 
1959. Tom 126, Ne 3 


MATEMATHKA 


P. JI. JOBPYLWUH 


OBLIAA POPMYJIMPOBKA OCHOBHOM TEOPEMbI WIEHHOHA 
B TEOPHH HH®OPMALLHH 


(IIpedcmaeaeno axademuxom A. H. Koamoeopoeoim 26 XII 1958) 


[loene ugBectuol cratpu Iennona ('), 3a0%xXMBUIeH OCHOBbI TeOpHv HH- 
(POpMallMH, TOABMJIMCb MHOFOUMCJeHHbIe padoTsl (oOTMeTHM paOoTE! (?~*)), Wee} 
KOTOPHIX — JaTb JOocTaTOUHO OOMMe H MaTemMaTHYeCKH cTporue (bopMy smpoBKyy 
U JOKaSaTebCTBO OCHOBHO! TeopeMbl Teopud MHopMallun. B Hactosuer) 
paOotTe JjaeTca ene OM BapwaHT opMyMpOBKU 9STOM TeOpeMbIl, Oasupyto4 
melica Ha ugeasx A. H. Kommoroposza (°). | 

Ilyctb — H 4—CJyualHble BEMUMHbI, IPHHMMalollve 3HayeHvaA B WsMepH 
MBIX IIpocTpaHcTBax, (X, Sx), (Y,Sy) WH MMeroltve COBMeCTHOe paciipeseseHne 
Pen(,), & OMHOMepHble pactipefeseHua pe(,), Pn(.). Ilyctb pe X Pa (,) — pal 
Moe TipovsBeyenue Mep pz(,), Pn(.). Ecau Mepa pzn(,) AOcomOTHO HelpepbIBHi} 
OTHOCHTEJbHO Mepbl Pe X Pn(,), MOM0%xKUM 

. Ay 

ien (0, 9) = log ge, 16 = \Vien (x, 9) pen(dedy), A] 
Pe X Po (+) Ce, 

ecJIM 9TO He Tak, NOsoKUM I (E, 4) = oo. q 

Has30zem J (&,y) HHPOpMawuek nape & y (cM. (°,°)) H den(.,.) —H 
VHPOPMANHOHHOH NAOTHOCTHH. 

IlycTtb 3afaHa moceqopaTembHocTh nap BemuuuH (f,7/) co sHaueHnaMy 


(X*, S4),(¥#, SY): Mprnazopem sty nocjleqoBaTembHOcTh HHdOpMaLNoHR! 
= ° ¢ let pt (és 1) 
ycTOHYMBO ecaM Mpegem no Bepostuoctu lim —-——~~— 
too T(e,n) 
fa Bcex ocTarouHo Oobmux ¢ Mepa Pet at (,) CHHTyMApHa OTHOCHTebH 
pet X Prat (,)- 
CooOmeune {W} Oyyem sanaBaTb Kak Wapy W3MepuMbIX MpocTpaHcT 
(X,Sx), (X, Sx) 4 MHoxectBo W pacnpeyenenuli Bp X x X tTakux, uTO UE 
AyuMpyeMoe HMM OfHOMepHoe pactipeyenenne pe — O6tlee AIA BCeX pacnpen 
jenni us W. Mbt orpanuunmesa csryyaem, Korga 3aqanHpr M yjelicrsurenbHpl 


W3MePHMBIX (PyHKUMH p, (x, x) HM OopemeBcKoe mHoxecTtBo WER” rtaxue, uw 
W saflaercah ycnoBueM, 4TOObI BeKTOp 


(Ep: (6,8),--., Eon (&, &))€ W ( 


M Pe MMeJIO (PUKCHpOBaHHOe pacmpemesenne. 
HasopemM 9HTPOTUueH COOOMeHUA 


H (W) = inf J (,6), 
rye pacipeyesenue per EW. 

Kau au cBaA3M {Q,V} OyqeM 3anaBaTb Kak apy u3MepHMbIX IIpocrpaHc: 
(Y,Sy), (Y, S¥), MapKopcxy1o nepexoyuylo dyHkunio Q(y, A), yE€Y, AES; 
HM mMHOxecTBO V pacnpegenenuli B Y x Y. 
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= 1 wa ecai 


IpeqnoioxHM, uTO 3ayaHpl N jelicTBHTebHBIX W3MePHMbIX (byHkuni 
™~ N 
\v,¥) H MHOxecTBo VER" taxue, uro V sanaetca ycnoBnem 


(Er, (1,7), .+.,Eny (n,1)) EV. (3) 


lponycKHon CNOCOOHOCTbW KaHasla Ha30BeM 


C(Q,V) = sup! (9, 7), 


| pacnpeyenenne px,€V uc BeposTHoctbo | 


Q(n, A) = P (nE€A/%) (4) 


Bpcex A€ SY. 
PDyeM TOBOpHTb, 4uTO cooOmenue {W} MOoxHO nepeaTb 10 
any {Q,V} ¢ TouHOcTbIo s, ecuM CYINeCTBYIOT CIyYaiHble BesMUMHE 
1%, a we IPpUHMMAIOUIMe 3HAeHUA B XPV VOX COOTBETCTBEHHO, Ta- 
1 uTo: 1) BeMUYMHEI E, %, ns E oOpasyior wemb MapKosa; 2) BepHo coor- 
weve (2), rye € sameneHo Ha &’, (3), (4) mu §& uMmeeT pacnpeyemenue, 
ryemoe ycropnem {W}: 3) BeposTHoctTs P {EAE }<e. ByjemM YroBoputp, 
cooOmenne {W} MoxKHO TepewaTb NO KaHany {Q,V}, ecaH 
MOXHO TlepeyaTb c TOuHOCTHIO ¢ = 0. A. H. Kouamoropos (°) moxasan, 
| ecm cooOmenve {W} moxHO NepeqaTb m0 KaHasy {Q,V}, To 


HAW) <C(Q;. V). (5) 
peo Oyqem womaraTh JIA JTOObIx Apyx ToueKk x= ie bie nee a= 
h,,-.., Xn) u3 R” paccrosune r(x, x) = max | x; —x;|. Ja mo6oro 60- 


=BCKOrO MHOxecTBa LU CR” yw mo6oro 50 o6o3HauuM uepe3 [U], co- 
MHOCTh ToueK x€R” Takux, TO JIA HeKoTOporo x€U paccrosHue 
\x)<e. IIpu «<0 oOo3Hauum uepes [U], COBOKyNHOCTb TOUeK xER" ta- 
, UTO JOOad TOUKa xX, JA KOTOPOH Fr (x, 6, ipHHaqsexKuT U. 

DyemM Tellepb HasbiBaTh COO OmeHUHeM {W-.} CooOuleHHe, 3aaHHOe np 


iomu (2), rye W 3amenHeHo ua [W].. AnanorMyHO onpeyenuM kaHal 


Teopema 1*. A. [Tycmb sadanet nocaedoeamervnocmu coobwenutt {W*} 
t t 
lanance censu {Q, V} makue, mo: 


lim H (W*) = oo. 
t-co 

— Hw’) , 
tim @.V4) = 


II. Cywyecmeyem UNO pMAYUOHHO-{ ae nocaedosamenbHocmb nap 
wun (E, &) co sHaueHUAMU 6 X', X*, dna Komopelx pacnpedenenue pet iEW u 


HV. Soong unqOPMAYUOHHO- yemoluean nocredosameNbHocmb nap 
aun (xf, 7°) co SHALCHUAMU 6 y’, Y’, Ona Komopelx pacnpedenenue 
rtEV, c eepoamnocmorw 1 Qi! (yf, A) = P (at € Ant} Oan AESy u 


lim I (n',7°) aw 
t 
Sacer 


a (ore) (oe) 
* 3necb H B JaJIbHeHHIeEM Mbl CUHTAeCM —Q> =) 7 = © NpH a< ow} cesta 


o% 4T5 


mobi pies || 
V. Synkyuu Oh (x, x), m™,(x,'x) 02panudenbl pasHomepHO no Ri t,o <0\ 
uecmea ux M' u N‘ ne saeucam™om t. | 
Tozda dna n6020 ¢>O0 npu ecex Oocmamo4no bonowiUux t coobuse| 

Hi vot | 

(W3} moncem 6olmb nepedaHo no Kanaay {Q, V-}. | 
B. Ecau ennoanenns ycaosun 1 u Il vacmu A meopemot u, Kpome m«| 


BOINOAHEHDL YCAOBUA: i 
VI. Cywecmeyem cmon manoe 6, 4MO npu wobom e<(8 ycaoeue IV | 


NOAHAeMCA, ECAUL B3AMeHUMb 6 HEM KaHAA Q’, Vv} Ha KQHQan 10% Vi} 
ycaogue III eoinon~naemcsA, ecau 3aMeHumo 6 HEM coobwenue {W} Ha coo6i} 
nue {W_-}. 
VII. PaeHomepno no t 
t yt wi 
ign Cele Reber eee 
soso Cite. +o—0 H (W’) 


t i 

To2da npu ecex Oocmamouno Oonouux t coobwenue {W'} mooem 6b} 

t t 

nepedano no Kaxany {Q, V}. oe R | 
Teopema 2. JIlycmo 3adanet nocredoeamenbHKocmu {Q, V} u {fw yi 
Kue, amo eolnoanenst ycaosua I u II meopema 1 u 4mo: | 


Ill’. Cywecmeyem nocaedosamervnocmo (E, &°) maka, 4mo KpoMme ceotl ‘ 
nepeuucneHHwlx 6 III, npu Hexomopom b> 0 


c’ = max E {|p (6, &) — Moa (é’, &') |} 
k=1,...,Mt 
u mobom a>OQ- 
C=O (2aH(7*)) 


IV’. Cytyecmeyem nocaedoeamensnocmo (x, 7‘) makan, 4mo Kpome ceotc 
nepeuucnenHolx @ IV, npu Hekomopom b> 0 


c= max E{|rp(7, 7) — Mri, (1, 9')|'173 
k=1,...,Vt 
u sb6om a>O0 
ct = 0 (220%, V4)), 
VIII. pu ac6om a>0 


MP = o(2a#iw!y), Nt = 0 (gece! vi, 


Poeda Onan sm0602e0 © >0 npu ecex Oocmamouno 6onbwuux t Coobufe 
(W.} moocem Oolme nepedano no Kanaay {Q*, V:} © mounocmo do ¢ 


Ce 


Teopema 3. J]ycmb eoinoanenot ycaoeua I, Il, UI, VII meopem— 
2. ITycmb, Kpome moeo: 


III’. Cyuyecmeyem nocaedoeamensnocmo (, ) maKkas, 4mo Kpome YCro. 
nepeducrennoltx @ III, Ill’, oxa o62adaem mem ceoucméeom, “mo cytuyecme. 


~ 


UnPOPMAYUOHHAA NAomHocme izt¥t(x, x) u Ona m06020'8 > 0 natidemca a 
maxkoe, 4mo 


lim pet® ( fet (x, x) aH(wty _~ 
‘ato NI areca ca ee 


oa %, 
IV”. Cyiyecmeyem nocaedosamenonocme at, 7 maxaa, umo' KPOMe YCAOE 
, 
nepeuucareHHolx @ IV, IV’, ona o62adaem mem ceoucméeom, 4mo’ eyusecmey 
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DOPMAYUOHHbIE NAOMHOCMU int (Y, Y) U Oran Ato6oz0 § > 0 natidemcn a > 0 
Hikoe, “mo 


Rit (y> 9) | | Ss ) 9ac(Qt,vty = 0. 


li is 
aes ( Gis 7) 


too 
IX. [pu xexomopom 6 >0 


éf= max \ 1 h(x, x) — Mek’, EY pe x prt (dx, di) 
k=1,...,Mt xt Xt 


n060M a >0 
Cf = U( ZH), 


| Tozda Ona atndo2eo e>0 npu ecex COCETBOLHO 6onowux t coodwenue 


‘} moncem Gumbo nepedano no Kanaay {Q', V3. 

| MoxHO Takxe ciopmysupoBaTb Gonee oOulee yTBepxeHHve, cOoeprKallee 
ee0e teopemb! !A nu 3. Teopembl 2 u 3 onycKaloT Take OOOOULeHHA B 
ine yTBepKeHHA Bb teopempi 1. K pe3ymbTaTaM, OM3KHM K pe3yJlbTaTaM 
Le rux aBTOpOB, Mbl NIpHeM, BbiIOpaB B Haumx Teopemax {W} Tak, 


bObl OHO yOBJeTBOpANOch Jhb ecnn P{E=£} = 1. 


Mockcoeckuli rocyapcTEeHEB yHHBeEpCHTeT Toctynusio 
um. M., B. Jlomonocosa 25 XI] 1958 


IWHMTMPOBAHHAA JINTEPATYPA 


1¢. E. Shannon, W. Weaver, The Math. Theory of Commun., 1949; pyccx. 
). (HenlomH.) B KH. Teopus nepegqaum 9sleKIpHYeCKHX CHrHaOB MpH uanuunn nomex, MJ, 
3, crp 7. 2 A.Feinstein, Found. of Inform. Theory, 1928. LA ae 
. Matem, HayK, 11, Ne 1,3 (1953). 4M. Po3senH6nart-Pot, JAH, 112, 202 (1957). 
is Perez, Trans. First Prague Conf. on Inform. Theory, Stat. Decis. Funct. and Rand. 
ibc., 1957, p. 183. 6a. H. Ks amoropos, Ceccus AH CCCP no n2yun. npoéa. 
‘ToMar. Npow3s., MaenapH. saceyx., 1957, ctp. 66; Trans. IRE, Sect. Inf. Theory, 2, 102 
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Jlorxann Axagemun nayx CCCP " 
1959. Tom 126, Ne 3 


MATEMATH 
M, A, EBrPA®OB 


O TEOPEMAX, AHAJIOFHUHbIX TEOPEME 
®PAIMEHA — JIMHEJIE®A 


(IIpedcmaeaneno axademuxom M. B. Keadouuem 17 II 1959) 


Ilyctb H —HekoTopoe meTpHyuecKoe MpocTpaHcTBo: 


A(x, ) = >) Ae(x), O<x* < 00, 


k=0 


ollepaTOp B 9TOM IIpOCTpaHCTBe, 3aBHCALIMH OT NapaMeTpoOB x H i. 


Mut 6yzem mpemnonaratb, uTo A(x, \) yqoBNeTBOpseT caemyiouuM yc} 
BAM: 


1. [na mo6oro x>>0 uw yaa Bcex 4 B mMomoce a< Red <8 3a ucKy 
yeHHeM KOHeYHOrFO UHCIIa, CKa%KeM, A, (xX), ..., Am (x), OMepatop A(x, ) uM} 
orpaHMuenHblt oOpatHpli A+ (x, i). Honnpocrpanctsa H,(x), aHnHysupyen| 
onepatopom A(x, hs(x)), KOHeYHOMepHEl, H MpoeKuHA ONepaTopa A(x, dsil 
8B H/H,(x) uMeeT orpaHvueHHblih OOpaTHbli. | 

2. CyuecTByioT mpefemt lim \,(x)=);, H B UpsAMow cyMMe mogn| 


x09 


crpaHcTB H;(x) MOXHO BbIOpaTb TaKOM Oa3Hc Psp (x), ITO 
lim Psp (x) = Psp» lim A (x, hs (x)) Psp (x) = AsPsp; 


HPWEM Ysp JIMHeHHO He3aBHCHMHBI. 
3. Onepatop A+(x, \)A(t, 4), O<t < oo, orpanHueH mpu h=~2, (x) 
lim ol? (x, A(t, 1) — El] = 0 


Xx- & 


paBHOMepHO TIO } B Tlosloce a+eqRevA<f—sé c BplOpomwenubimu Kpy2kKa} 

[h—As|<e upu mo6om e>0 u not, O<t< ow. 
Ip BbINOJHEHHH 9THX yCJIOBMHM MMeeT MeCTO: 
Teopema |. JIt60e pewwenue ypaenenus 


Ax, =) u(x) =U" Cais 
yOoenemeopsrouee YCAOBUIO 


Ju) < Me, 8>0, 


moncem Obl’ npedcmaereno 6 Bude 
m Ps 
u(x) = u(x) + » > Cspllsp (x), 


S=1 p=1 
z0e 


| v(x) || << M, etete, 
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npu aobome >0, A Usy (x) —NeKOMopole onpedenennole peweHua, GAA Ko- 
mopolx 


Tim + In| usp (x)] = Res. 


Ilycrb kpome yciopuli 1 — 3 BbimomHeHO elle ycnoBHe 
4.B Ka2KNOM M3 HosmpoctpancTtB s(x) MOXxHO BbIOpaTb Tako 6a3Hc 
Psp (X), YTO liM Psp (X) = Psp, MPHYEM sp JIMHELHO He3aBHCHMBI, 4, Kpome 
X> @ 
TOrO, 
+4 a 
\ ds(x)|dx<oo, \Ie(dx<00, s=1,2,..,m, pal... ps 
P 5 


0 


Torya tociequee yTBepx enue TeopembI 1 MOXKHO 3HAYTebHO YTOUHUTD, 
Aa MMeHHO: 


Teopema 2. Jan pewenuti Usp (x) cnpasednueot acumnmomuueckue 
popmyAot 


Usp (x) = (Psp + &p (x) exp[\ As (4) dé], esp (x)]-> 0, x 00. 


IIpupenem UpHMep TpHMeHeHHa Teopembl 2 kK culyyaro, Korga A(x, A) — 
Judepenunatbypili onepatop. Jima cokpatleHua 3anucw BBeeM CHMBOJIbI 


M = {My, «., mr), oe Xai some hae 
= die is ro) fa) 
m= (6), eee Er} ae 
3 My+...+M, 
= "Ie ron m 6) m (a) 
JEY=Gi4...+e)%, SP aeh...e, ("= —___. 
: OL5 Oe 


Uepe3 D mpi O603HauHM OrpaHMueHHy!o OOacTb C raqKol rpaHHleH B npo- 
cTpaucTBe X, a vepes B—unnanngp x >0, X €D. Monoxum 


Pw XU, BVH) ante ea. 


k, m 


Te Aum (x, X)— HeMpeppiBHO udcdepeHuupyemble (yHkUMH B WuMHApe B. 
Ilyctb, gqanee, H o3nauaer mpoctpaxcTBo cdbyxKunl f (X), yOBJeTBOpAIOWIMXx 
Ha rpanuie D HeKOTOpbIM JIMHeHHEIM OHOPOAHLIM KpaeBbIM YCJIOBHAM HM Ta- 
KUX, UTO 

7) 


Wa es ay ax 


) F(X) € Le(D), O< % 1100. 


Yepes d,(x) Mbl O603HaUMM Te 3HAUeCHHA h, [JIA KOTOPbIX 3afaua 


lex x h, a) #(X) = 0, u€H, 


UMeeT HETPUBHAaJIbHbIe pewienua, a uepes H,(x)— mommpocrpanctBa H, au- 
0 
Hy JIMpyeMble OlepaTOpoM Pie Xs AglX) ox )* 


Ilycth P(x, X, 4, &) yqoBmerBopsxeT ycOBMAM: 

5. B mw6ohH momoce a < Reh <8 unco ds (x) KOHeEYHO HM CyMMa pa3Mep- 
HocTeH cooTBeTcTByIOWMx H;(x) pH x—> oo orpaHiuena. 

§. J|na mro6oro » Halimerca Takoe R, 4TO 


foe) 


| max sup 
X€ED |||] >R 


0 = 
ay h(x, XG a, =) 


Fe ae ca 
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V3 ycnopuit 5 u 6 yxe cyeqyeT, YTO As(X) As NPH X—>0O M NTO BP 
H.(x) MoxHO BLIOpaTb Tako Oa3Hc Psp(X, x), YTO Psp (X, Xx) — sp (X) #80, |: 
Tak 4TO JIA IpuMeHeHua TeopeMbl 2 MbI LOJLKHbI NOTpeOOBaTb ONOJHUTEJIbHO 
TOJIbKO, UTOObI BbINOJIHAIOCh yCJIOBHe | 

7. sp (X) aMuelino HesaBucuMbl. (YcnoBue 7 — 9TO TpedoBaHue, uTOO6bI 
NOAMpocTpancTBa, Mpefenbubie Aa Hs (x) pH X— oo, He CJIMBaJIMCb.) 

B 3THX yCJIOBHAX HMeeT MeCTO 

Teopema 3. Ecau 


gs 29 re ; 
P(x, X, 34 aq )U% X)=0, u(x, X)€H; 


max |i (Xj; 2x) 0 (ee), 
X€D 


wilt Xie 0 coe PD laGgeeca ur 
a<Reas<B 
20e 


max |v(x, X)| = 0(e**), 
XED 


a OAA Usp (xX, X) Chpasedaueol AcumMnmomuuecKUue PopMYAdI 


x 


tsp (%, X) = (Psp (X) + 0(1)) exp [| %e() ae]. 


0 


Uro6bl NOACHHTb, YTO JaeT TeopemMa 2 B KOHKPeTHBIX 3aqayax, MpHBeyeM 
elle pe3y/IbTaT, OTHOCALLMHCA K rapMOHHueCKMM CPYHKIUMAM Tpex NepeMeHHbIX, 
ABJIAIOWMHCA MOUTH HEMOCPeACTBCHHbIM CJIEACTBHEM TeOpeMbl 2. 

Ilycts dbyukuua A(x) ylopneTBopseT ycJIOBHAM 


h(x) > 0, \ (1 + | In A(x) |) | A" (x) | dx < 00; 


D — orpanuuennad oOslacTb C riaqKoH rpaHMie B MsocKocTH {y, z}; ks — 
coOcTBeHHbie 3HayeHHA 3afauu Jlupuxse B OOnacTu D ja ypaBHeHua 


OPu O7u 
Oy “iP aa + Mu = 0; 


Psp (Y, Z) — COOCTBeHHbIe (PyHKUMH, OTBEUAIOLIMe COOCTBEHHOMY 3HAYCHHIO dg. 


Yepes B o6o3HauuM unauHEp x > 0, a ; a, Cus 


Teopema 4. IJIycmb u(x, y,2z)—eapmonuueckaa dyxKyua, Oeacdos 
HenpepoleHo Oudpepenyupyeman @ yUuAUNOpe B, o2panuxeHHaA na e20 epanuys 
U YOObAEMBOPAIOLYAA YCACEUIO 


ae 
Ju (x,y, 2)|=0 fexp(o| 7), (x, y,2)€B, x00. 
0 
Tozda 
u (x, Y, z) =e (x, Y, 2) =f > Csplsp (x, Y, Z), 


0<Ay5 <o 


20e U(x, Y, Z)— oepanusennan 6@ B eapmonuueckaa PYHKYUA; Usp (X, Y, 2) — 
2apMmMonuueckue PYHKYUU, paeHole HYAIO HA OoKoBoti noeepxnocmu B, Onn Ko- 
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pox cnpaésednuébl acumnmomuuecKue MopmyAot 


Usp (x, Y, 2) = {9e0(Gis rin) + Chex (to) 585), X—> OO. 


4ACMHOCMU, CCAU GS =o, 20€ hy — HAUMEHDLUCE UZ NONOIKUMEALHOIX Ngy- 
u(x, Y, Z) oepanuuena e B. 

[Teopempt | u 2 oOo6mator pesynptater E. M. Jlanguca (1) u Jlaxca (?), 
MTeJIbHO MpeBOCXOAA HX NO TOUHOCTH. 

Meu WoKasaTeJIbcTBa OUeHb OM3KM K MfenM ru. 4 craTbu (°) uw TecHoO 
BaHbl C Pe3yJIbTATaMH 3aMeTOK (4°). 


TloctynHs0 
16 II 1959 


UWMTMPOPAHHAA JIMTEPATYPA 


ie. M. Jianaguc, JIAH, 107, Ne 4 (1956), 2 P. D. Lax:, Comm, Purevand 
Math., 10, Ne 3, 361 (1957). 8 io AGES al ados, Tp. Mock. matem. o6ut., 5,. 
11956). IM, JNa IE ITD AO A. Conospbpee, JAH, 114, Ne 6 (1957). 
iA. Exswrpados, JAH, 121, iT (1988). $M. Ay EB pad 0s, Anji 2h. 
(1958). 
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Jloxxsagmn Axkagemun nayr CCCP 
1959, Tom 126, Ni 3 


MATEMATE| 
J. Tl. )KEJIOBEHKO 


CTPOEHHME FPYNNOBOrO KOJIBUA TPYNMbI JIOPEHIA 


(ITpedcmaeneno axademuxom H. H. Bozoawmboeem 30 I 1959) 


1. [pynnosoe Kombo rpynnpr Jlopenta onycKaeT H30MOpdHyio per 


m, D \ 
3allMio B BUJe Kouba BIOMHE HeIIpepbIBABIX onepatopos Vi”, jeicTBy10} 
B rusb6epToBom mpoctTpauctBe Ly (U), c aqpamu * 


m+ie—2 —m+ie—2 
KA Oi, p) = | x (uy *hte) ame (R) dik, mp (@) = Gon” on 


Up MpOM3BOJIbHbIX IWeJIbIX #7 WM KOMIVJICKCHBIX 9 (PyHKUHA x (2) eCTb del 
rpynmoBoro Kosbila X). Ora peasMsalluA HaMOoslee eCTeCTBEHHA: OHA ABA) 
aHaJIOrOM IpefcTaBJieHdA KOMMYTATMBHOrO HOPMMpOBaHHOrO KOJIbIa | 
paqukaa B BHe KOsIbIa (yHKUMH Ha MHOKeCTBe BCeEX MAaKCHMAJIIi 
yjeasios. 


Onepatops VY" ” mperctanumor co6of onepaTopxble dyHKIuH Ha MBI 
oOpasun Mt xapaKtepoB y =(m,p). Toukam muoroo6pa3ua Wt orTser} 
mBycTopounue ugeasbt Im, Kouba X, ONpesemsemble ycJIOBHAMH: 


Ime, Po — {x : x€ x, Kx (U1, Ug; Mo, Po) = 0}. 
OTH Wfleadibl MAKCHMAJIbHBI, 3a HCKJIOUeCHHeM CUeTHOrO uNCJIa OCOObIxX TO} 
p? = — (|m|-+ 2n)?, Fin ee A ae 


(cyllecTBoBaHHe ocoObixX TOYeK CBA3aHO Cc HasMuMeM y rpynn Jlopil 
C€pHH KOHCUHOMepHBIX TpescTaBJeHHi). 

Hamel Weblo ABJIAeTCA ONMCaHHe KONbUa I anep K (uy, Us; m, p). I 
MoptpHoe oTOGpaxenue X —>T' ecTb u3pecTublii aHaslor npeoOpasoBanua Dy) 
WM onwcanwe 3amaca aulemeHToB I’ ecTb onucaHHe JBOHCTBeHHOrO TpocTpaHcy 
Tlostomy cooTserTcTBylolly!o TeopeMy, TOUHad cbopMyJIMpoBKa KOTOpoH | 
BOMHTCA HWxKe, eCCTECTBCHHO Ha3bIBaTh Teopemou JIlanexa—Buue 
quia oToOpaxkenua X—>T. Ona Opiia nowyueHa B 3amerKe (*), OfHAaKO | 
patopsr VY" paccmaTpHBaJIMcb TaM B BHe OeCKOHeUHBIX MaTpHu, 4eM 
*KallaCb ACHOCTb aHaJHTHYeECKOH CTOPOHbI BOTIpoca. | 

2. YTOWHHM olpeyesdenve rpynnosporo Kkosbia. Kombo X coctomi} 
BCeX OeCKOHEUHO AudppepenHpyeMbIxX (pyHKUMH x(a) Ha rpyrime YM (c oOprp 
ONpefevicHHeM CXOJMMOCTH B KJiacce (HMHHTHBIX (yHKUHH), Mpwyem yup 
PeHIUMpyeMOCTbh TIOHHMaeTCA B CMBICJI€e NpHMeCHHMOCTH HHPHEHUTesuMaJI§ 
ollepaTopoB JeBoro WH MpaBoro peryJApHoro CABHrOB. YMHO2KeHHeM ABJISE 
cBepTKa (PyHKUMi, HHBOMOUMeli — nepexon oT x(a) K x(a) (coorsercT 
me onepaltun B I’—cpeptka agep H mMepexo K 9PMHTOBO conpsxKeH 
Apy ¢ 3aMeHol p ua p). : 


* Tlo MoBofxy OCHOBHEIX MOHATHH uv OGosHa¥eHut cm. (1) nM (4), | 
** Ora TeopeMa B aHasorMyHol dopme Opina AoKasana M. M. Tenpdaugzom He3aBi| 
H HHBIM MeTOJOM (cooOujeHHe Ha OgeccKoH Konepenuuu 1958 r., cm. Taxxe (5)), | 
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_ ‘IIpeqcrapenna Konbua X, onpegensempie onepatopamu V{"°, voi Oy nem 
HaSbIBaTb SIECMECHTAPHBIMH H OOOBHATAaTh Emo. 

| CpopmyJmpyeM BHayale HeKOTOpHIe HeOOXOZMMbIe yCIOBHA WIA sAgep 

AK (uy, U2; m, p), HMeloulMe «amreOpanuecknit CMbICIy. 

1°, Ecum p?=+—(|m|-+ 2n)?, npeycrapnenna 8mp u Gm, —» 9KBHBA- 

|| J@HTHBI: 


VER WV, (1) 


jupuyem onepatop Wn. ecCTb HWHTerpaJbHb olepatop, elicrByioulwi 3 
—in (m) : 
HL,” (ul) B Ls” (U): 


a pisos are: 
VW mo? (Ux) = \Oinp (alla 8) 9 (Us) di,, s= : 
ie XO) 


| Vuteppan ompeyzenen upu ycnosun Imp <0, ognako o8 sBsAeTCA aHanuTH- 
/4ecKOH (yHKWveli OT p, UMeIOLeH NoOsOCcbl MepBoro NOpsAAKa B TOUKaX 


pei Ai Ven) een we 


Tlostomy cooruouenue (1) octaerca B cusie (Ha MHO2XKeCTBe BEKTOPOB, MJIOT- 
KHom B LS-™ (ll)) maa Bcex (m,p), Kpome oco6ObIx ToueK, eCIM HMHTerpasl 
NOHHMaTb B PeryJAPHSOBaAHHOM cMbIC Je (%). Bomnee Toro, B OcOOnIx 
TOUKAX HMeeT MECTO PaBCHCTBO BbIYETOB, B3ATbIX OT OOeuX yacTeli (1): 
es BLL cae ia als 
2 2 17(—m, —il) __ 17(m, il) 2 a a4 
| ea 9 Mu Ae ed eto (¢ =|m|-+ 2n). (2) 


Syecb H_, H, — unpunuTe3suMasbuble OMepaTopHl JeBoro peryJApHoro cyBura, 
OnpexeeHHOrO Ha (PYHKUMAX OT U: p (U) > (Uy lu); 


om Ny Pree A ne ee i Co) — =| 
He et V0) ee [é@—15-— 5, |; 8) 
(t, 0, )— lapaMeTpbl MATPHIbl U: Ug = Vie ica 
TIpenctrapnenuad 8m, —< WU S—m, it (J =|m|+ 2n) aBnstoTcA NpHBOAMMBIMH 
| M MMeIOT BUA MapHblx 3alensennii * 


Emp SS GT Oy Cin, 6 icles 


Ycuopua (2) O3HayaIoT, YTO {2 ZKBUBAJICHTHO Y3; M3 COOTHOIIeHHA (1) IpH 
-3ameHe m Ha —m, p Ha —il MOXHO MOJIYYHTb, YTO TaK%Ke {1 ZKBUBAJIEHT- 
mo Y4- 

2°, VUnpapwanTHad KOMMOHeHTa mpecraBleHHA Sm, iz pH /=|m| + 2n 
ABJIAeTCH OCCKOHCUHOMEPHDIM IIpeCTaBJIeHHeM, IKBMBaJICHTHBIM OCOOOMY HelIpu- 
BOJMMOMY Npescraplenuto &;, zm (a TaK?Ke 9KBUBAJICHTHBIM G6_;,—im). TO Ke 
€aMoe BepHO JWI (haKTOP-KOMMOHeHTHI TpexcTaBsenHA G_m,—1- Bee orn 
YTBepKeHHA CONepxKaTCA B CeAyIOUMX PopMywNax: 


i+m tee 
Tels sa a sma (ge ga 5 lla i+-m=2N, N=1,2,..,; 1% 
l—m i—m 


PR ee ee fe NN ee 
(—m) 
(O6nacTH onpeyeieHHaA OTOOparxKalollHX OlepaTOpOB IVIOTHBI B do, amt 
OuesuHo, (2) aBAneTca cmeqcTBHeM (popmy.t (4). 
3. Hakone, mepeligqem kK cbopMy.JIMpoBKe TeopeMbl, KOTOPadH yTBepAKaeT, 
‘YTO YCJIOBHA, BbITeKalollue U3 cooTHOWeHHH (1) u (4), B CoveTaHHM C yCuO- 


* Zanucb y = Y1— Y2 O3HayaeT, YTO MIpecTaBseHHe Y COMepARUT MHBAPHAHTHYIO YaCTb 
“y2, a4 B (akTOp-MpocTpaHcTBe HHAyUMpOBaHO MpeAcTaBJeHHe 71. 
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BUAMH aHaJIMTHUeCKOrO XapaKTepa ABJIAIOTCH WM JOCTATOUHBIMH JIA TOTO, 
yToOn (pyHkuuA K (Wy, Ug; mM, p) OMHOSHAYHO OlipeeJAJIa HeKOTOPytO (PyHKILHIO | 
x(a)EX *. 

Teopema. Koaoyo T, usomopduoe epynnogomy Konoyy X, cocmoum ust 
ecex cbynKxyuti K (uy, Us; m, p), OecKoneuno Oudd@epenyupyemulx NO Uy, Udy) 
YeNblX AHAAUMUUECKUX NO nepemMeHHOmY p, YOoeremeopstol4UxX Nepacencmeam | 


| o"K (ty, Ue; m, p)| Ci [K, nje*Miiimel” n= 1, 2,..., (*) 


U C6AZQHHOIX COOINHOWECHUAMU: ; ; 
1) K (ty, Ue; m, 9) = K (ty, Yt; m, p) = eK (uy, Us; Mm, (0), 1 = 


en 0 
= 0 ef ; | 
2) \ ome (v) K (uyvsu,; m, p) dv = \ ame (v) K (stv 4u,, Ue; —m, —p)dam 


s=> it =) , Npuwem UHMeepanbl NOHUMAIOMCA B peeYAAPUSOGAHHOM mane | 


ecau Imp >0; 
3) Hi (U1) K (Wi, Wes m, $F i (m2n)) = (— 1)nHt (U2) K (ta, Wes moe Qn, 4 
Fim), n=1,2,..., ede Ouddepenyuanonole onepamopot H,, H_ 3adatomex\ 
gopmysot (3). ! 
Ilpu amom Hepagercméo (*) Onan aAOpa Ky (o6pa3sa mynkyuu x€X) sKeu-| 
BANEHMHO OOpalueHuio 6 KYA’ Gbynkyuu x(a) npu In|a’a| >C.y[Kx], ede |a}} 
osHayaem HOpMY mampuyol A KaK oOnepamopa 6 OsymepHOoMm npocmpancmee | 
(m. e. modyro HaUbOABWIeZO UZ ee COOCMBEHHOIX BHAYEHUL). 
4. QiemMeuTapHoe NpeAcTaBeHve Smp MOKHO peaJIH3OBaTb TaK?Ke B TIpo-# 


| 


CTpaHcTBe (pyHKIMM Ha KOMMJIeKCHOM MJIOCKOCTH, HMMeHHO, B MpocTpaHcTBe| 
LY (Z), cocroamem u3 dynKunit (z), WA KOTOpbIX CXOQNTCA MHTerpam 


lo? = (1 + zz)™"l@(z)P2dz (dz =dx dy). 
Oro6paxenne LY) (Z) > LY” (Ul) sagaerca chopmysoit 
9 (u) =V rome (uv) —(2) Mpa z= 


1] 
| 


“et 
U2. * 

Moxkuo BMecTo sep K(uy, U2; mM, 9) paccCMaTpHBaTb spa cooTBeTCTBYIO-| 
IlMX OnepaToposB B MpoctpanctBe L$ (Z); cBa3b M@x71y HAMM OUeBHIHAa: 


K (1, Ug, Mm, 3) = Ono (u,) K (21, Zo, Mm, p) One (Us) 


I(U1)e1 (Us)21 
pw 'z; = ——— eee cB : 
PH ot (Ui)o2 ” : (U2)o2 (5)) 
CootHorneuua 3) B YyCJIOBHAX TeOPeMBI 3aNMCbIBalOTcH OCOGeHHO MmpocTo'| 
Asa agep K (2, 22: m, p); POulb OTOOpaxkatouux oneparopos H4., H” urpawor, | 
0 \n QO \n 0 di /aaO aR) 

COOTBeTCTBeHHO, onepaToppl {— — — =>(——— i— 
i (33) w (ae) Pe Tae ee ay) | 
(6) ale 1 6) : (6) Tl Fr if" | 
ar aya iz). pH 9ToM, ’oqHaKo,"HopmupoBaHHbie MpocTpaHcTBa 
wo) (Z) Hey2OOnbI JIA paccMOTpeHHA, MOcKONbKy OONacTb oMnpeqeeHHA OTO-= | 
Oparkalolux ONepaTOpOB He cOBMaflaeT Cc eCTeCTBeEHHOH O6s1aCTbIO N-KpaTHo | 


* Bonee Tounbii ananor Teopembl Ilanes — Bunepa nomyuaerca, ecau BMecTo Konbula X | 
paccMaTpuBaTb PyHKUHH H3 Le (YA), paBHble HysIO NouTH BCOAy BHe KoMnakta. J\BolictBen- | 
HO€ IIPOCTPpaHCTBO COCTOUMT Tora H3 Aep, AAA KOTOPBIX 


VK (us, Ue; m, p) |? (m? + p?) du; duz dy < x, 


WeNbIX AHAHTHYECKHX M0 p,' He Bue NepBoro MOpAAKa pocTa H KOHeYHOTO THNa; anre6- | 
PpaHuecKHe YCJOBHA OCTaIOTCA HeEH3MeHHbIMH. 
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Huupepenuupyembrx pynkuni. (Oro6parKaromjue onepatopsi copnayalor c qudp- 
peperiivasIbHBIMH Ha JIMHeHHOM OOONOUKe BeEKTOPOB KaHOHHYeCKOrO 6a3Hca, 
HO TlOCJI€ 3aAMbIKaHHA OONaCTb MX ONpesedeHHA uHOrAa ocTaeTcs JelicTBu- 
reJIbHO yxKe OOJIacTH oNpeyeneHua (0/dz)” u (0/dz)” *.) 

5. SaMeTHM elle, uTO B MpocrpanctTBe Mt MoxkHO BBecTH ToMO,OrutO (cIa- 
JOylo) TaKHM OOpa30M, UTOOKI XapakTepbl, OTBEYAIOWIMe SKBMBANCHTHEIM TIpey- 
TaBJICHHAM, Obl HepasMuNMbI, a ocoOble xapaktTepbl (m, il) oKa3anucb 
KONM3KUMM» K XapakTepam (/,im) u (—l,—im). [lua sToro onpezenum 
kucteMy oOKpecTHocteH B Qt: okpectuoctb U (x1, %2,..., Xn; P; e) ujeaa 
me ©CTb COBOKYNHOCTb BceX HleaOB Jinp, JIA KOTOPbIX BbINOMHAeTCA 
ycJIOBHe 


inf sup |{WVYP" ™™— VW) Pele, §=1,2, 0,1, 
W EEa(W) 


frye P ecTb npousBOJpubii npoeKILHOHHEIi onepatop B LY”) (U). a inf Geperca 


10 COBOKyNHOCTH Bcex onepaTopos W, xelicrByromux u3 LY) (U) B LY” (ul) 
HM YOBJETBOPAIOUIMX YCJIOBHAM ONpeeJieHHA SKBMBaeHTHOCTH 10 M. A. Haii- 
apky (°). 


MockosckHi# rocygapcTseHxblii yHMBepcuTe \Tloctyn110 
uM. M. B. Jlomonocosa 28 I 1959 


WHTHPOBAHHAA JIMTEPATYPA 


1M. A. Hatmap k, Jlunetinpienpezctannenuarpynnp Jlopenma, M., 1958, crp. 135— 
) 137, 175—177. 2 JI. We Ke awo6¢u Ko, JAH, 121, Ne 4 (1958). 2 Mo eine 
t@aua, T. E. Wuanos, OdoOmenupie bynkunu vn gelictaua Han HuMH, M., 1958, ctp. 63— 
988. 4M. A. Hatiimapk, JAH, 97, Ne 6 (1954). © U. M. Teapngaug, AH, 
1124, Ne 1 (1959). 


* Dro ueyMoOcTBo oTMayaet, eCIM BMeCTO Li) (Z) paccMaTpHBaTb TOJbKO JIMHeMHYtO 


o6onouky OasvcHbIX BEKTOPOB C HOBOH TonosorMveH (CUeTHO-HOPMHPOBaHHble MpocTpaHcTBa 
Dy; mpeanoxenuple MW. M, Tembdaxyzom u H. 4. Bunenxuupm). 
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Jlokxxagmn Akagemun nayr CCCP 
1959. Tom 126, Ni 3 


MATEMATHKA 


H. H. KY3HELLOB u B. JI. POKAECTBEHCKHM 


CYUJECTBOBAHHE H EXMHCTBEHHOCTb OBOBLUEHHOrO 
PEWEHHA 3AQAUM KOWM WIS HEOXHOPOXHOFO 3AKOHA 
COXPAHEHHA 


(ITpedcmaeaexno axademukom M. B. Keadouuem 13 II 1959) re | 
B pa6ote(!) Obl HcceqoBaH BOMpOc O CYMeCTBOBaHHH VM €MHCTBEHHOCTH: { 
o6oOuleHHOrO pelweHHaA 3ayagu Kom Ad OMHOpOsHOrO 3aKOHa COXpaHeHua = | 
OD. CRG, 0, H 
Ob ae Waray Ea | 
Ot Ox 

VicceqopaHme OCHOBBIBasIOCb Ha TOHATHM NMOTeHIMasla, BBEJeCHHOM JA ODHO- | 
pOwHOrO 3aKoHa COXpaHeHHa B (°). 
B Hactosilei sameTKe 9TO NOHATHeE OOOOMaeTCA Ha CTyYa HeOAHOpOHOrO | 

3aKOHa COXpaHeHHA . 
du , d0(u, t, x) . me | 
55 a ee 10 (1 Po) (1) 
WM UCHOUb3yeTCA [JIA paCCMOTPeHHA BOMpOca O CYHLECTBOBAHHH HM CMHCTBEHHOCTH: | 
cOoOmleHHOrO pellienuaA 3ayauM Kom aus ypapnenua (1). IIpa npeqnonoxe- j 
HHH, 4TO @  (u,t,x) COXpaHHeT 3HaK B pacCMaTpHBaeMOH OOaCTH H3MeHeHUS | 
ApryMeHTOB, JOKa3bIBaeTCA, 4TO OOOOMeHHCe pelleHue 3agaun Kowim yam 4 
ypaBuenua (1) cyulecTByeT HW €MHCTBEHHO B HEKOTOPOM OKPeCTHOCTH HataJIbHON, | 
KpuBol. Pawnee stor Bompoc uccmeqoBascn B padotax (* 4). 
1. Hyctb gua ypaBuenua (1) nocTraBnena s3anaya Kowmn. Hauanpuyro | 
PYHKUMIO U(X) TpeANONO%KXUM KyCOUHO-HENpepHIBHOL HM OTpaHMyeHHO (— co < 
Ecum u(t, x) — 0606uleHHoe KyCOUHO-HeMpepbiBHoe pelleHve MOcTaBNeHHOH | 
3alauv, TO, BBeA PyHKILHIO | 


F (t,x) =\ (u(t, 8), 6.8) dé, 


MOXKHO lipeACTaBHTb ypaBHenue (1) B Buze 


= He = [9.(u, t,x) —F (t,.x%)| 20. (2) | 


STO COOTHOLMeHHe Aa€T BOSMOMKHOCTb BBECTH Hell Pe pbIBHY!O (PYHKILHIO 


(t,x) 
Die oie \ u(t, x)dx —[p(u, t, x) — F (t, x)) dt, 
(0,0) 
KOTOPy10 MbI Ha30BeM MOTeHIMaJIOM OOOOUeHHOrO pelieHHA paccMaTpHBaemok, | 
samaun Kouun. - 
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OT NOTeHUMas! YNOBJETBOpAeT MHTerpo-AudpepenuasbHOMy ypaBHeHHIO 


x 


$s 9(B.t.2) =e (OLB. ca) % 


ce) 


sauaJIbBHOMY YCJIOBHIO 


x 


® (0,2) = Bp (x) = | Ho () dé. (4) 


0 


meer MeCTO OOpaTHOe yTBepxKJeHve: BCAKOMY HelIpepbIBHOMy KYCOUHO- 
pap Pou yeMOMy pemenufo @ (¢, x) saqauu (3)—(4) coorBetcrByeT KycouHO- 
#pepbiBHoe oOoOmeHHoe peilieHne u(t,x) = OM(t,x)/Ox saqauu Koum qua 
HBHeHHA (1). 

WITH [Be 3afauH, TaKHM OOpa30M, SKBMBaJICHTHbI, UM WIA NOKa3aTeJIbCTBA 
i eCTBOBaHHA WM CMHCTBEHHOCTH OOOOMeHHOrO pellleHHA MOCTaBJeHHOH 3ajla- 
|KOUIM Jd ypaBHeHua (1) MocraTrouHO NoKa3saTb, 4TO ,cymlecTByeT eMH- 
eHHOe HelIpepbIBHOe KYCOUHO-Zuddepenuupyemoe pelieHve ypaBHeHHs (3), 
PBIETBOPAIOMee HayaJIbHOMY ycJIOBHIO (4). 

2. Mbi lokaxKeM 9TO C MOMOL{bIO MeTO/a MOC eAOBaTeJbHLIX NPHOMKeHHE. 
i PaccMOTpHM NOcJIeqOBAaTeJIbHO ypaBHeHHuA 


eM baka tice Wo a Re coer ots Hier (5) 


aie, eG ie 96) 1 e681 ex 0) je WO, “8 (e°O@)- Sema 8) OF co 5.017 « 


| Ipeqnonaraem, To 97, (u,t, x) COxXpaHaeT 3Hak, H TpeOyeM, 4TOObI KaxK- 
' mpuOsmmxenune DS) (t,x) yqoBeTBOpANO ycuoButo (4). 

| Ilyctb, kpome Toro, mioOple Be XapaKTepHCTHKH NepBoro u3 YypaBHeHHli 
PTEMBI (5) nepeceKatoTca He Gosiee, ueM B OfHOH TouKe. IIpH 9sTOM No 
ypakTepucTHKaMH Mbl UMeeM B BUY, Kak U B (1), MpoeKWHH XapakTepHc- 
MeECKUX KPMBbIX STOO ypaBHeHHA Ha MJIOCKOCTD (f, x). 

| Tlokaxem, uro B momoce O<t<to, roe ft) MOcTaTOUHO Malo, Kaxkoe 
| ypapHenult (5) uMeeT e€MHCTBeHHOe HeNpepbIBHOe KYCOUHO-UdpepeHln py- 
oe pemeHve P'S) (t, x), yROBNeTBOpsIOMee YCJIOBHIO 


g, (u's) (t, x — 0), t, x) > ¢, (U® (t, x + 0), £, x), (6) 
u's) (t, x) = OD) (t, x)/Ox. 


| Tak KaK JA UepBoro ypaBHeHHA TMocueqoBaTeJIbHOCTH (5) 93TO yrTBep- 
HeHue joKasano B(*), TO ROCTaTOUHO NOKa3aTb, YTO OHO CIpaBeJIMBO TakxKe 
i YpaBHeHHa 


x 


© + 9(@, t,x) =lo@eotod, a) 


Ox 
0 


KOTOpOM OrpaHuuenHaa cpyHKiua w(t, x) TeplHT pa3pbIB HellpepbIBHOCTH 
KYCOUHO-rvlaqKUX JIMHHAX B IJIOCKOCTH (t,x) MW YOBNeTBOpsAeT, Kpome 
ro, yculoBuio w(0, x) = uo (x) BO BCex TOUKax OcH f=(0, He JexKaux Ha 
HHAX pa3spbiBa PyHKWHH w(t, x). 
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| 
bn fi 


s al 
Ilyctb 3amaua Kom ia XapakTepHcTHuecKOM CHCTeMbl ypaBHeHHA (7) 


dx ; , ye 
a= Fah) FS ‘ (u, t,x) + o(w(é, x), t, x) (u= = 


(TpeTbe ypaBHeHHe — «ycIOBHe MOJOCKH»— He BBINMCbIBAeM) MMeeT efi) 
-CTBCHHCe pellenve B OOIACTAX HeMpepbiBHOCTH w (f, xX). 

we Kak JlerKO hee CylecTByeT €HHCTBEHHOE pellieHve CHCTeMBI | 
MES (LS Xe), u=U(t,%o),  YOBJeTBOpAIOMee HayaJIbHbIM  YCJIOBHI 
Fins = Xo, U(0, X9) = Uo (Xo) H HeEMpepbIBHOe Ha JIMHHAX paspblBa 
mun w (t,x) (eQMHCTBeHHOCTh MOXKeET HapyluuTbes, ecu TouKa (0, Xo) exif 
Ha JIMHMM pa3spbipa w(t, x). Dnankue KpuBple x= X(t, Xo) OyeM Ha3bIBa 
xapaKTepucTuKaMu ypaBHeHus (7). IIpu caeaHHbIx NpesnOsOKeHHAX HAKAHe 
ype XapaKTepHCTHKH 3TOTO ypaBHeHHA He MOryT Mepeceubca Ooviee OHCE 
pa3a B nomoce O<t<to, rye ty) MocTaTouHO Mao. MéKmiouvenve MoryT jf 
CTaBIATb JIMUIb XapaKTepHCTHKH, BbIXOAAMIMe H3 TOUeK, JlexKallUX Ha JIMA 
paspbipa dyukunn w(t, x). Herpyquo, ofHako, NoKa3saTb, TO 3TO OOCTIE 
T@JIbCTBO He HapyllaeT IMPpHMeHHMOCTH MeTOJla, MCMO/Jb30BaHHOTO B(') Jif 
NOCTPOeHHA HempepbIBHOrO pelleHHA ypaBHeHHa (7) C HeNpepbIBHOH (byHKILEm 
w(t, x). Ilostomy B nomoce O<t <tp K ypaBHeHHio (7) WesMKOM NpHMedk 
Mbl pe3yJIbTaTbl, MOyueHHble B('). Dro HW WoKasbiBaeT TpeOyemoe yTBepx,l 
Hue. 

Takum oOpasom, B nosoce 0 Ct<ty Kawgoe W3 ypaBHeHH (5) umew 
€J[MHCTBEHHOe HeIpepbIBHOe KYCOUHO-Auddepenuupyemoe pewenve MD) (t, } 
yROBNeTBOpAIOlee ycsOButo (6). i 

[lokaxkem, 4TO NpHOnnxKeHuA DCS) (¢, x) paBHOMepHO CxOfATCA pH s—>™ 
BO BCAKOM KOHEYHOM IIpsmMoyroubHHKe G(O<t<lo, XC ¥ KX). | 

O6osHayaa v") (¢, ae DS) (t, x) — DS—D (¢, x), u3 (5) nerko nomnyuuM 


5 H 
oe ~_ 4. A) (t, i = B(s—1) (t, x) y(s— 1) (t, x) — B(s-1) (a 0) y(s—1) (t, 0) 4| 


x 


i ByD (£, 8) 0° (E, 8) dé, 


0 


(s) (s—1) 
o (u”’, t, x) —o(u lia 6.6 
As) (t, x)= a SS hee 


Be) = LE Eee 
= uS) — ys) 


(s) 
B,® (t, x) = aes ; 


PaccMoTpuM ypaBHeHHe Hy 
dx a | 
ita A(s) (25.0): al 


BreyleM fit Hero, Kak ¥ B paOoTe (?), NOHATHe peryApHOi TOUKU, TOU 
BO3BpaTa M TOUKH pasBeTBJeHHa. Llomb3yAcb HepaBeHCTBOM (6), MOXHO If 
Ka3aTb, YTO ypaBHenve (10) He HMeeT TOUeK pa3BeETBJIeCHHA, TaK TO ueyp 
BCAKyIO TOUKY (¢, x) MpOXOAUT XOTA Obl OHA MHTerpasbHad KpuBan x = X() 
‘TOrO ypaBHeHHaA, Tlepecekaloulan ocb ¢t = 0. 

x 


Yuntbibad orpannuenHocTb B G dynkuuh A), BO) 4 \ | Bis) (¢, &) | de 


KOTOPOH HeTpyqHO yOequTbca, M uHTerpupya (9) Bomb KpHBO x= ZO () 
NOJIyaHM: 
x 


ee | o) (é, x)| EH a (¢, x)|-(My + Mat+ Msg|xo|) dz, (1) 


e M,, Mz, M3 — no0%*KUTesIbHbIe NOCTOAHHEIE, |%o| = max |%) (0)|. Monaraa 
G 


(11) s==1,2,3,..., mpuxogum x OKOHYATeJILHOMY HepaBeHCTBY: 


tM, \45) 
Mi + Ms |x) | + >) 


s! 


9 
oe Peer(t, xe) max | v (¢, x)| , 
x! 


x€G 

3 KOTOPOrO BbITeKaeT TpeOyemMoe yTBepxK]eHHe. 

Takum o6pasom, B nomoce O<t< fy cyulecTByeT HelIpepbiBHaa (byHKUHA 
1G, x) = pint @(s) (t, x). Herpyaxo NOKasaTb HM ee KYCOUHYIO judepentup ye- 


)OCTb. Oua | ABJIACTCH HCKOMBIM pemeHwem ypaBuenua (3), H el COOTBeETCTBYeT 
COUHO-HeIpepbIBHOe OGOGIeHHOe pemienne u(t, x) = dO (ft, x)/Ox 3agaum Kou 
a ypaBHenua (1), OOmamatomsee CJleyIOUIMM CBOHCTBOM: 


¢, (u(é, x —0),t,x)> g, (u(t, x -- 90), €, x). (12) 


| TOM yOexKaeMca HeMOcpefCTBeHHO, epexoqa K Mpefewy pH sS—>oco 
|) HepaBeucTBe (6). O6o6nleHHoe pewlleHHe, OOnayaioulee cBocTBOM (12), 
(WHCTBEHHO. 


Tloctyns10 
A AU MS) 


ILMTHPOBAHHAS JIMTEPATYPA 


emos, B. Ji. PowkecTBeHCKHH, Ycn. matem. Hayk, 14, 
Jl. Poxnectspenck uh, JAH, 122, Ne 4 (1958). % A. H. Tu 


y 
2 
10 HOB, A. IN: Meese JAH, 99, Ne 1 (1954). *O. A.OmeutHuk, Yen, 
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Jlokaayn Akagemuun uwayKx CCCP 
1959. Tom 126, Ne 3 


MATEMATHK} 


r. ®. JIANTEB 


OB WHBAPHAHTHOM OCHALLEHHM MOBEPXHOCTH B MPOCTPAHCTB | 
A®®YHHOHK CBA3HOCTH 


(ITpedcmaeaeno axademuxom II. C. Anexcandposeim 24 I 1959) 


1. 3aqaua wHBapuaHTHOrO OCHaleHHA -MepHoH nNoBepxHocTH B N-mMepHO 
MpoctTpaucrBe adpuBHOM CBASHOCTH 3aKJNOYAeTCH B OTbICKAKHH HHBapManTHy 
IIpHcoequHeHHOTO K TloBepXHOcTH Moda (NV —n)-MepHbIxX TvIOcKOCTeH (HOpMé 
jieli), KaxKad H3 KOTOPbIX HM€CT TOJIbKO OfHY OOULyIO TOUKY C COOTBETCTBY® 
roluleHt KaCaTeJIbHOH IJIOCKOCTbIO. i 

VupapwaHTHoe OCHaleHHe MOBepXHOCTH B HIOCKOM aduHHOM TpocTpakp 
cTBe NOcTpouH pasiuuHEiMu Metogamyu A. E. JIn6ep (#1) u I. HW. Wheetkun 78 
OTM PaBJIAACb OT OTHOCHTCJIbHOrO HHBapHaHTa HeKoTOporo TeH30pa. Jina pang 
KlaccOB pa3MepHocteH 2 u N Take OTJIMUHbI€C OT HYJIA WHBapvaHTb! Halem 
A. E. Jlu6ep u aaa Gonee waupoKux Ksaccop —I]. Vl. UlBetxunn. 

B nactosmel padote pH Momo TakorO MHBapwaHTa MeTOOM IIpClh 
omKenui Hw OxBaToB(*?) CTpOHTCA MHBapHaHTHOe OCHalleHHe MOBepXHOCTH 
B IIpOcrpaHcTBe a*pPWHHOH CBASHOCTH C KpHBH3HOH M KpyyeHHeM. IIpu 9sTOR 
paccMaTpuBaeTca JIMIb Mpocretuuu cayyak, Kkorla N<n+3/,n(n+1} 

2. [Ipocrpaucrso acppuHHoH cpssHoctu N w3smMepeHHi onpememnetca (*) cue 
TeMoH nidadiposnlx (opM ©”, Wf, HONYHHEHHBIX CJIERYIOWIMM CTpyKTYpHbl fl 
ypaBHeHHsaM: / 

Do! = [oXo{] + RE, [oP w®], Dor = loko!) + Ring Ones (1) 
npHyuem 
Rop + Rpg=9, Ripa + Rigp = 9 


[ol... 040 (J, K,L, P,Q =1,..., N). 


N wesaBuCHMbIX TepBbIx wHTerpaoB ul,..., uv BoomHe HHTerpupyeMoOli CuCTeM!) 
(PopM ©” ABJIAIOTCA JOKAIbHBIMH KOOPAHHaTaMH TOUKM 6a3bl TpocTpaHcTBal 
C kajol Toukol M(u) 6asbl cBasbIBaeTCA MOKasbHOe WeHTpoadpuHHoe Ipc 
CTpaHCTBO (CJIOli), OTHECeHHOe K BeKTOpHOMy penepy Mo (u), e,(u),..., en () 
BepuiwHa M,(u) KOTOporo yCMOBHO OTOxXeCTBAAeTCA C paccMaTpuBaemo| 
Toko M (u) Oa3pt. DopMbl w’, wy HHBApMaHTHO ONpee/AIOT HHCPHHHTeSMMaJE 
Hoe adpuHHoe oToOpaxkeHHe CoceqHero MOKabHOrO MpoctpancTBa (com) H 
WCXOJHOe IIpH NOMOLIH OTOOparKeHHA penepos 


—_> 
M (u + du) > dM = w/e, (u), 
2 
€x (u + du) — ex (u) + dex (u) = ex (u) + wey (i). ( 
3. B N-mepHom mpocrpanctse adppuHHolt cBasHocTH paccMoTpum f-MepHyk 
NOBEPXHOCTb, ee Tekyllyio TOuKyY M wu cBa3aHHOe Cc 2TOM TOUKOL M noKanb 
Hoe LenTpoaddunHoe npoctpanctTBo. Ip wHpHHuTesHManNbHOM oOTOGpaxKeHHu (2 
oOpasbl TOUeK Halleli NOBepXHOCTH B JIOKaJIbHOM mpocTpaHctse, IiIpHcoeaM 
HeHHOM K Touke M, pacnonoxKatTcd Ha HeKOTOpO n-MepHO mMocKocTH 
490, | 


(propa WM HasbIBAeTCH  KaCaTeJIbHOH MOCKOCTbIO K MOBepXxHOCTH {'B 


C texymei toukoh M nopepxnoctu cBaxKeM MOABMXKHOH penep nlepBoro 
ppaKa M,e,...,€y, PacNOJIOXKHB 2 NepBbIX BEKTOPOB €},..., €n B KacaTeub- 
pH mwockoctu. Torga cuctema ndcpepeninasbHBIX ypapnennii IOBepXHOCTH 
3TOM pertiepe OyjleT HMeTb BU] 


OF =O (Siti lenis 


IlpoqomxKenna 9TOM CHCTeMbI NpHBOLAT K Se AMEE. Audie penun- 
|1bHO TeEOMeTPHYeCKHM OObEKTAM NOBEPXHOCTH Ax, At 
iN == A&e?! 
i ha 
dt — Ai oF + APs = Af wo, 
Cee A etc: [pe y if Bi axe 
di, A. “Ob UN He; NG Ly + Af w= 


= (Ag.Ag, + AGAS + MAD + Ag 


yet ae 


eo. co « « 2 eo 8 . Orks, te 


(EY rend Sees hai Lem ae eae TIEN 


B forse OTCYTCTBHA KPHBUMSHbI H KpyyeHHA y OObemMsIOWero MpocTpan- 
peek, = 0, Ripo = = 0) xommoventer A%,AZ,,... Bcex (byHaMeHTaJIbHbIX 


| Toho CHMMeCTPHYUHbI OTHOCHTEJIBHO BCeX CBOHX HHXHHX UHJICKCOB. 
WPM HaJIMUMH HeHYJICBbIX KPHBHSHbl WH KPYYeCHHA Y UpOCTpaHCTBa 3Ta CHMMET- 
A Tepsetca. B YaCTHOCTH, 


ae. (eee a 
Ws AG, =: Ry. 


4. Yilpennonoxum tenepb, uto Nn+4/gn(n+1), mM paccmoTpum 
TIMUHbIM OT HYJIA OTHOCHTCJIbHbIM HHBapHaHT 


= I (az), 
XBAYCHHbIL CHMM€TPHUHbIM TeH30POM 
a= "a (AG ap AG). 
HakWe MHBapvaHTbl NOCTpOeHbl (”) AJA WMPOKHX KaccOB pasMepHocTeH n u N. 
TlucdbtbepenttuasibHoe ypaBHeHHe BCAKOFO OTHOCHTeJbHOrO WHBapHaHTa HMeeT 
HI 
SRE k 

din I =o} + pot + Ip0*. 
C mpyrou cTopoubl, B Halem cJlyyae 

t= a a 
dIinJ-== Au dh? 


We TIOJIOXCHO 

| big. ne he cH 
Li == 
a Wee OA; ‘ 


Cpaspyus o6a Bbipaxenua aia diIn/J uw 3aMeHuB B Culyyae HeoOxouMocTH 
All HHBa pHaHT I ero nafsexkamlel cTeneHbIO, HalieM 


K=2(N=—n), p=—N. 
Kpome Toro, Nosyaum culeqyiouine areOpanueckue COOTHOMIeHHA: 


lee 


Aika? = (N —n) 6, AVAL = nob, NI Nin 
TludepenuuambHoe ypaBHeHue MHBapHaHta / TIpHHMaeT, CJeOBaTeJIbHO, 
a : . | 
din] = 2(N —n) oi — nog + Lo"; 
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M1 pOOJI2KeHHE 3TOrO YpaBHeHHA jaeT CHCTEMY 
dp —I,o} == Atol + Tpo!. | 


ai, nowyuaeTcA U3 pacCMaTPpHBaeMOro MHBa pWaHTa if NYTeM ero BO3Be CHM 


B CTeMeHb C aOCOJIOTHO HHBapHaHTHBIM TOKasaTeJleM H YMHOXKeHHA Ha aOcc 
JHOTHO HHBapHaHTHbI MHOKUTEJb. 

5. JlemMa. Cosokynnocmb OMHOCUMeNLHOLK KOMNOKEHM OxEamMbleAeMOzO 2eC) 
mempuueckoeo obvexma Y°, oxeamelearoweeo eeomempuueckoeo oOvexma X? 
uaCMHoIX npouseoOnolx OY°/OX® nepéeolx no emopblm sABAReMCA cucmemo} 
OMHOCUMENDHHIX KOMNOHENM HOBO20 Ox6AMBIEAeMOZ0 eeoMeMpU4eCKOZO OCOBEKM| 
Xo, Y°, OY °/OX». | 

[Tpu amom, ecau cucmemot Oudepenyuaaonolx ypaeHenutt ucxoOHelx 06? 
exmoe X¥ u Y° umewom Bud 


bXy = bo (X) 9, SYP = ye(Y) 9, 
p 
20e 9? — uNeapuaHmnAole Wopmol dbyHOameHmaarbHott epynnol JIu, a 6 — onept 


mop noAavoeo OUudqmepenyuana no napamempam epynnol, mo “acmHole Nnpouk 
godnnie OY°/AX% = YF noouuHsAomMca cucmeme OuddepeHyuUuaAonolx ypaeHeHul 


sye = [2% (¥) yo __ %p (X) ye lop 
? gy or or aed 


u cucmeme KOHEe4HbIX COOMHOWeHUL 


| 

i 

Yet (X) = 8 (Y). | 
Ecau ucxodnole odcexmot XX u Y*° aunetinele, mo CucmMema 4“aCMHOLxX Npt 
U3BOOHOLX ee = OY°/OX° onpedensem meHs30p 6e3 npucoeOUNeHuUA KOMNOHEHI\ 


UCXOOHOLX OOBeKMOB. 
CoracHoO 9STOH JIeMMe CHCTeMa BeIMUMH VG = Ain I/oAg onpe jeune | 


TeH3Op, H CHcTeMa J\udepeHuMaJbHbIX ypaBHeHHH 9TOrO TeH30pa HMeeT BHI | 
if feat ae By pa Wet © 
aVIEs VEG eR VEley === Viet =ViloF. 


Ee npofounKewe flaer cucremy udpepentvabHbIX ypaBHenuii 0 Tp) 
qomKenHorO = oObeKTa Vi, 


DSI 90) ew Hat AT ij 
dV ie, + VEO) + Vii wi Vii, — Vos = 


La See i boas 
VUAE wr, VEN VAAG, w! +- Vee. 


6. BcsKoe ocHalleHwe paccMaTpyBaemoli n-mepHoii MOBeEPXHOCTH MO KH 
ONpeeMTh Kak Nome (N—n)-MepHol mocKocTH, HaTAHyTOH Ha (N—n) Be}. 
TOPOB 


_ 


Va == Ca ar vi Gz, 


re v, — OObEKT OCHALLeHMA, CUCTeMa LudpepeHUMabHbIX ypaBHeHuii KOTOPOI 
HMeeT BH] 


Lael yk ial INO eon aN Onriarrae 
ayia vio: VOL = =O OF, 


Ita cucrema XaPaKTepH3yeT He3aBHCHMOCTb IIJIOCKOCTH, HaTAHyTOH Ha BeK TOP | 


va , OT BbIOOpa pemepa MepBoro MopsAyKa. 
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| OcHatenue 6yfer HHBapHaHTHBIM (BHYTPeHHe NpHCoeMHeHHbIM K MIOBeEPXHOCTH ) 
iprAa M TOKO Tora, Kora OObeKT OCcHameHHA vi OyeT oxBayeH PyHyamex- 
AJIbHBIMH OObEKTAMH MOBepXHOCTH. 


|| mx tloctpoenua WHBapvaHTHOTO OCHAaIeHHA NMOBepXHOCTH BBeeM BCHOMO- 
ATEJIBHbIH ~TeH3OP 


Zz Foot 4 i 7 
Mis = 8880 + = Ry, (Vite8 — Vikee), 


| HEOCOOLIX C/lyUaHix STOT TeH30P He BbIPORMLaeTcaA HW OOsamaer OOpaTHbIM TeH- 
ibpom Wl, cBa3aHHBIM C HUM COOTHOWeHHAMH 


MEW ly = y$/ We Mey = 5782, 


a R? 


| HenocpeycrBenHo mpopepsetcs, uTO HHBapWaHTHOe OCHallleHue paccMaTpuBa- 
MOH n-MepHOH MOBepXHOCTH B OOLeM CuTyyae OMpesemseTcA OOBEKTOM 
pony ay tyet a, 2 ery te 
a N- ak el DNS ne Ot 
B cayyae OTCYTCTBHA KpyyeHHA y OObeMsOMLerO mNpocTpaHcTBa 


cpa Or eee ae TO hey 
Ri=9, Aj =Az=a Wik = o108 


ij ij? j ie? 
OObeEKT HHBAPHaHTHOFO OCHAILeHHA TIpHHuMaeT Ooslee MpocToH Bud: 


il 


= AV + pq ve } 


| 7. UlosyusenHoe wHBapwaHTHOe OCHAalleHHe NOBepXHOCTH OMpemeaeT Ha Heli 
RHYTPCHHIOIO a*HHHY!IO CBA3HOCTb Ip NOMOLIH (OpM CBASHOCTH 


ARE A fae ol Zak 

OF, GE = wi E XG) ; 

\ne Ié,— KOMMOHEHTDI CBASHOCTH, OMpeyeseHHbIe opMysJaMH 
De AS een yp Yee 

I“, Seal Nese 

Ta CBASHOCTh OIpeseAeTCA TeOMeTpHYeCKH TyTeM TpoeKTHpoBaHus 06- 

Da3sa coce Hen KaCaTeJIbHOH IJIOCKOCTH B HMCXO]JHOM JOKAaJIbBHOM IIpOCTpaHnCTBe 

Ha HCXOMHyIO KaCaTeJIbHY!O MIOCKOCTb MapasenbHO HOpMasu {v4} B HCXORHOK 


rouKe. 


IloctynHao 
9 I 1959 


WHTHPOBAHHAA JIMTEPATYPA 
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Tp. 175; JLAH, 121, Ne 5 (1958) 3 T. ©. Jliantes, Tp. Mockosck. matem. o6ul., 2,279 
(53). 41. ©. JlIantes, JAH, 41, Ne 8 (1943). 
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Horasangnp Akayqemun nayk CCCP 
1959. Tom 126, Ni 3 


B. H. JIEBEAEB 


O KOHEUHOPA3HOCTHOM AHAJIOFE 3AZA4UH HEMMAHA 


(I1pedcmaeneno axademuxom C. J]. Co6oaneevim 16 II 1959) 


B wacroauleH 3aMeTKe CTPOHTCA pa3HOCTHbIM aHaJlor 3afaun Hekmana 
STOMy BoMpocy NOcBALeHbI paOoTs (*~“), aBTOPbl KOTOPbIX CTPOAT Pa3JIMUHBI} 
rpaHWuHble pasHOCTHble OlepaTOPhl, alMpOKCHMUPYIOWNe MOKAIbHO rpaHH4Ho} 
ycuiopue. Kak npaBuJio, JIeBbIe UaCTH JTUX OMePaTOPOB MOJMYyUaloTCA CJIOXKHBIMH| 
CYI[CCTBEHHO 3aBHCAIMMH OT XApaKTepHCTHK rpaHulbl oOvlacTu. [Ipu strom, xors# 
TOUHOCTh allmpOKCHMalluH Oo cTemeHAM A JlaeTCA WOCTaTOUHaAA, COBePpLIeHHO Hy} 
uccselyeTcaA BOMpoc O pa3pellHMOCTH MOJyYeHHOH CHCTeMbI ypaBHeHHu} 
OlpeseUTeb KOTOPOH paBeH Hywio. TlocmefHee BaxKHO, TaK KaK, HalpuHMepil 
paccMaTpHBad pa3HOCTHbIM aHaslor 3ayauH Helimana, pelieHveM KOTOpOH 
Kpyre r<l Oyyzer PyHKuHA Up(r,~)=rcos29 + ns r™ cos NP, Mbl MOXKEM BBI| 
OpaTb Tak y3JIbl CETKH HM BeIHUMHY 71, YTO CHCTEMbI ypaBHeHHii THNa YNOMAHYTBE| 
CO CKOJIb YrOMHO TOUHOH JOKaIbHOH anMpoKcMMallMeH rpaHH4Horo YCJIOBH!| 
OyAyT MpoTHBOpeunBbl, a OTOPacbIBaHHe OJHOTO ypaBHeHHA M3 3THX CHCTEl) 
M pelleHve OCTaBLUIHMXCAH ypaBHeHHit act ouveHb rpyOoe mpuOuMxKeHHe. 

Most OyqeM TpeOoBaTb YOBJIeETBOPeHHA TpaHHYHOMYy YCJIOBHIO B ca6o}) 
cmpicue (?,°), uro mpeycTaBaer coOol MpaBusbHoe U BMOMHE OOOCHOBaHHO 


M@aHHM MOET OKa3aTbCA HEBbINOJIHEHHbIM. SOTO [aeT BO3MOXKHOCTb MpaBHJIbHi 
YUHTHIBATh CHIbHO OCIMJIJIMpyloulve Ha rpaHule oONacTH dyHKUMH. 

Vrak, nycTb muleTca CyHKUHA U(X, Xo,...,Xn), ABJIAIOMAaAcA perenne! 
B OONacTH Q(X, X2,---, Xn) M-MepHoro MpocTpaHcTBa Rp (xy, Xo,...,Xn) ypaky 
HeHHA 


Au =f, a 


YROBJETBOPAIOMIM Ha panne S oOmactu (2 KpaeBomy ycsoButo: 


Myctp. »felsy(Q), -¢EL, (S), “o6nacts QO)  sBesqHorom sauna ‘ 


\ fda = \¢adsS. Ilycrb cyulectByer o606menHoe petiene mocTaBJieHHo sana 
Q § 
WH, T. €. Takad (byHkuua u(x)EWM(Q), aro np mobo yaKuuu © (x)! 


EWM (Q) BpiomHAeTCH HHTerpasbHOe TOK MeCTBO 


19 BP dO = \ eb dS — (fo dQ. a 
Diet ° * s Q 


Kpome Toro, noTpe6yem, Top! \ wdQ == (), 
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SaMeTHM, 4TO Tora 


lim | - oasis \¢@ dS, (4) 


€>0 
Se § 


1 Be ore MOBepXHOCTeH, CTpeMsllaicd WsHyTpH O6sac- 
K loBepxHoctH S; &— paccTosHH : = 
Bs, p : Pp e mexnty S u S,.; nm: —HOpMasb 
ie MpOcTpaHcTBO Rpy(X1, X2,-.-,X%n,) MsMOcKocTamMu x,=kh, i= 
-1,2,...,, Te kR;—wWesble uucna, Ha KyObI Ope. kn» KOOPMHATLI TOUeK 
DTOPEIX OlpeeIMIOTCA HepaBeHcTBaMH , kh << x;<(k; + 1A, 1 = 1,2,...,n. 
WOUKH C KOOpAMHaTamnH (k;h, koh,...,k,h) Ha3soBeM y3namu ceTKH. _O6osHa4uM 
epes Q, oOOnacTb, cocTaBJIeHHyIO 43 KYOOB derkee... ep» pHuaexamux Q; 
|paHHUHY!IO MOBepXHOCTh Q, O6o3HauuM yepes Sp. MlonoxuM uy, (x; -+ A/2) = 
by L 

Ip (u(x; + h) — u (xi). 

) Bo BHyTpeHHux y3ulaX CeTKH ypaBHeHHe (1) 3aMeHHM OOpIuHOM ammpoKcu- 
NatlveH ypapHenna Jlanvaca 


Anu = ihs (5) 


ie fa — HekoTOpoe MpvOmMKeHHe (byHkunH f. Onpeyenum na noBepxuoctu S, 
jIparkenue, KOTOPOe OyMeT HTpaTb pOJlb aHaora HOPpMasbHOH MpousBOAHOH. 
lyCTb y3eJICeTKM X)@ Sp, W Ha paccTosHuu A OT TOUKH X%) JexaT k BHyTpeH- 
AX Y3NIOB CeTKU: Xj, j= 1,2,.,., (Takylo TOUKY xX) Mbl GyqeM HaSbIBaTD 
youKOM TuMa k); Tora NWoWO*KMM: 


t 
| 


k 
Uy (u) =| ku (vo) — D u(x) | = on (6) 


Ilyctb dbyHKuHA %, 3agaHa Ha Sp, Torga copapensmuBa 
Teopema. Java paspewumocmu cucmemel ypaenenutt (5), (6) neodxodu- 


wo U Oocmamo4Ho, umobol 


hn >) fa =A! Dien. (7) 


| fina joKasaTeubcTBa HallMWieM pasHocTHbili aHanor (bopmysnt Tpuna, 
lnpaBelHBOH WIA moOOOK ruaqKoH dyukuun O: 


jh ba Ux,Vx, = yas » Lh (1) Oe A" >} A,u®. (8) 


Qn Sh Qn 


Heo6xoyxumocre. [lycrs u — peuienne; Oepem B dopmyue (8) D=]I, 
fora Moulyyaem HeoOxo,uMocTb ycsOBUA (7). 

| Jlocrarounocrts. Tonarax B dopmyse (8) D=u, NMonyyaem, uTO 
DHOPOMHAA CHCTeMa MMEeeT JIMUIb OJHO HETPUBHMaJIbHOe JIMHeHHO He3aBHCHMoe 
yeLCHHe, PABHOE MOCTOAHHOM, OHO ABJIAeCTCA PeLCHMeM HM COMPsKeHHOH OHO- 
MOMHOL CHCTeMbl, a TaK Kak MpaBble wacTH Hallleli CHCTeMbl OPTOPOHaJIbHbI 
IOCTOAHHOM, TO, CJIEAOBaTeIbHO, OHA pa3spelllHMa. 


Hwxe uid mpoctors! pas6epem smb Ba cayuaa: 1) a ez (ee a0 


1) B 9rom cayyae 3a cbynkuuio [, Oepem TaKoe npHOmmxKenne cbyHKuuH f, 
ITOObI ease =(, nonaraem /,(u) = 0 ua S, u Tpedyem, qTOObI A" S\u=0. 
Qn Qh 
Torga, nomaraa Bopmyse (8) D=u, Momyyaem OWeHKy [WIA U, U3 KO- 
ropo culeyyer cla6aa CXOAMMOCTb B WS? npn h-—->0 nocnegoBaTenbHocTu 
, 00 moOoH crporo BHyTpeHHel nogo6macru 2’ oOmacru 2, a 3aTeM Ha 
DcHoBaHHH (tpopmy.t (4), (8) AoKasblBaeM, ITO NpeeJIbHaA DYHKIA U(X, Xa, +++) Xn) 

HBIAeTCA OOOOLLEHHBIM peleHHeM Hallie 3afauH. 
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} 


By 


2) OrpaHuuMBanch Quid OobUIeH HarmaqHOCTH CyyYaiMH n= 2 at sa 3 
BLIACHUM BOIpPOC O 3afaHHH PyHKUHH Gp Ha Sp. : 

n=2. Kak ugzectuo (°), Aut AByMepHol ofHOcBAsHO OOmacTH {2 saqaye 
Heiimana cBogqurca K 3aqaue J[upuxme. Jlonycrum, 4ro cyllecTByeT PelleHHt 
u(X1, X2) 3aqaun Helimana, uMeloujee BMeCTe C TI€pBbIMM IPOW3BOAHBIMH He 
IipepbisHoe mpogomKeHve Ha QQ. Tlocrpoum na Q dyHKHIO U(X, Xe), YHOBIE’ 
TBOPAIOMLYIO ypaBHeHHAM 


du Ov Gy a doipoun (9. 
Ot. Ov cea Ox,’ 
Tor ya 
Ss 
Ou ov 
an |, Os |,’ 0(s) = 0(80) + | ¢(s) 48, 


0 


re 0/0s —ponssoqHad Mo KacaTesbHOH kK TpaHule oOmacTu, ds — 9JleMeH 
JWIMHbI rpanuup S. 
Tlocrpoum, Kak M paHblle, ceTky Aa yHKUMM u, a PyHKIMIO UV OMpe} 
qeMM B WeHTpe Kaxkyoro KBaqpatTa Qnr,ez,€Q,; H3 2TOFO MHOMKeCTBa TOYE! 
BbIJeIHM MHO2KeCTBO S_, [paHHYHbIX TOUeK Sp, CIPOCKTHPyeM TOUKH Sp Ha S|} 
TIpOeKUHH UX OOO3HAYHM Yepes Sz. 
SameHuM cuctemy (9) B Qp, pasHOCTHbIMH ypaBHeHHAMH 
Ux, ——— Oxo» Ux, SS SS! Ux. (1c 
Torga nomyuum, uro A,v = 0; cbyHKkuuio v Ha S,_, B TOUKe Sp, Tomaraell 
Sk 
paBHon \ eds. Orcioga quia PyHKUWH u Nowyyaem 


So 


Anu =0 (11 


pH CyleqyIouLuX TpaHHUHbIX yCJIOBHAX Ha Sp. 
¢ , i 
Jlna Touku Tuna 1, eC TOUKH Xo, X1, Sp, Sey MMeIOT, HallpMMep, coo}| 
Ber CTes Hae KOOPAMHATHI (Xo1, X02), (X01 —4A, X02), (Xr — Woh, Xe +4/oh 
(X91 —*/eh, Xo +*/2h), To 
Sk : 


A (u (Xo) — u (x1)) = h7* (0 (se) —0 (Sp_y)) = 2? \ eds. (124 
Sk—1 

nits 
JlnA TOUKH THNAa 2, CC/IM TOUKH Xp, Xy, X2, Sk, Sky HMCIOT COOTBETCTBEHE} 
KOOPAMHATH (Xo1, Xo2)s (X01 — A, Xo2), (Xo1rs X02 — 2), (X01 — */oh, Xog + 1/oh| 
(Xo1 ai ‘Yeh, X02 — Lait) TO | 


Sp | 
A¥(2u (0) —u (x) — uw (xa)) = A (0 (54) — (Si) =H? [| eds. (19 


Spe) 


AnaJIOrH4uHble BbIpaxkeHHA MMeIOT MeCTO JWI Jpyrux ToueK Sp. 
PasnocrHas cxema (11), (12%), (12?) yqoOHa qua urepauui, Tak Kak, nep 
XO OT PYHKNMH W K PyHKUMH U M HTepHpyA V, Mbl NOsyYHM cKoOpoci) 
CXOAMMOCTH HTepallHH Kak WIA pasHocTHOH 3aqauu Jlupuxae. 
n= 3. B 93Tom cayyae UCHOub3yeM MeTOA OpTOrOHabHBIX npoeKuHit (2,8} 


ar |; 

I'paHuunoe ycuJIOBHe 3afayH OMpeseHM Tak: 3ayaH BekTop v = rotd€ Jj, Tp} 
OyeTca HaliTH NpoeKuMio SsTOFO BeKTOpa Ha NogpocrpanctBo G, (2°). Met mi 
4 


TpeOyem JOCTaTOUHOH rlaqKOCTH BeKTOpa d. B o6mactu Q mpopeyem nocrpo} 
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lia pador (°,’) (qaee ucnombsyi0Tca OOosHaueHHA STUX pabor). Ha mHoxecrBe 


iin OPC eMM BEKTOP Vpn = Tot,ppE Ji, M pellenMem pasHocrHol 3saqaun Hei- 
MaHa OyqeM cuHTaTb Mpoekuwio (grad,u) aToro BeKTopa Ha moqmpocrpax- 
ql ace = 

jrBO Gyn. Uycrb vy, = grad,u + rotado, rae rotabo € Jon. Mepenymepyem Tou- 
MHOwKecTBa Q2., HHekcamu 1,2,..., N wu 3a *yHKUMIO 9; BOsbMeM *yHK- 


WMiO, PaBHYy!O e2MHUIe Bi-li TOUKe WH HyJIO B OCTaJIbHBIX. Tora Ava onpeye- 
Menua grad,u umeem N paBexcts: 


(gradau, gradpo,) jn = (rot, &, Prunes, \ is 1 Dy a Ne (13) 


Orciofja Nosyuaem, UTO AIA TOUeK MHOxecTBa Qo, A,»u = 0, a JA rpa- 
AMUHBIX TOYCK MHOKeCTBa Qo_: WIA TOUKH THNa 1, ECM TOUKM Xo, X, HMeIOT, 


HallpWMep, COOTBETCTBEHHO KOOPAHHATHI (Xo1, X02, X03), (X01 — 2A, X02, Xo3), TO 


A (u (Xp) — u(x) — rotar,d (X01 —h, Xo2, X03); 


IA TOUKM THIa 2, CCM TOUKH Xo, X1, X2 HMEIOT COOTBETCTBEHHO KOOpAMHATHI 
1X1, X02» X03)» (X01 — 2A, Xo2, Xo3), (Xr X02 — 2h, Xog), TO 


A> (2u (X%) — u(x) — u(X2)) = 


> > 
/ = rtar,b (%o1 — A, X02, X03) + TOtnx,b (Xo1» X02 — A, Xs); 


WIA TOUKH THIa 35 e€CJI4 TOUKU Xo, x1, X2, X3 HMCIOT COOTBeETCTBCHHO KOOP/]IH- 
HATHI (Xo,, X02» X03) (Xo1 — 2h, Xo2» X03), (Xo1» X02 — 2A, Xos), (X01, X02, X03 — 2A), TO 


A™ (3u (Xo) — u (x1) — U (Xe) — U (x3) = Totne, (X01 — h, Xox, Xos) + 


+ rotnx, (X01, X02 — h, Xo3) + rot nx, (X01, X02, X03 — h); 


> > 
ecb rOtnx,p—Npoekuua rotzp Ha OCb xj. 

AvaJIOrHuHble BbIpPaxKeCHHA MMeIOT MeCTO VIA [PyrHX TpaHHUHbIX TOUeK. 
| SameTuM, 4TO B OOOHX MOCNeqHHX CyyatxX NOpAAOK anNpokCHMallMu 
de3 yyeTa CHOCa rpaHMyHbIx ycoBHl O (A). YKa3saHHbI MeTO MOXKHO pas3- 
BUTb HU JIA SJIMINTHYeCKHX ypaBHeHHii C MepeMeHHbIMH KoOaPPHUMeHTaMH, 
eCJIM Ha rpaHuie oOacTH 3afaHa KOHOpPMA@JIbHaAd MpOW3BOAHaA OT pelleHHA. 


| 
2 
D 


Tloctynusio 
24 XI 1958 
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Jjoxnaygm Axkayemunu nayr CCCP 
1959. Tom 126, N 3 


MATEMATHK. 


0. B. JIYMAHOB 
OB ACHMMNTOTHYECKHX OLWEHKAX UHMCJIA FPA®OB C n PEBPAM 
(ITpedcmaseaexo axademuxom M. B. Keadouuem 6 Il 1959) 


TIpw MHOrHX pacCCMOTpeHHAX, CBA3AHHbIX C OMeCHKAMM CJIOXKHOCTH yupaB 
JIAIOULUX CHCTeM, HPHXOMUTCH HCMOb3OBATb ACHMIITOTHYeCKHe OMeCHKH UHCI 
rpadow u ceTeH, OOaqaloljyHxX TeMM WIM VHbIMM CBOMCTBaMHM. Kpome Toro 
3TOT BOMNPOC NpeCTaBJIAeT CAMOCTOATeJIbHbIM MHTepec. 

B pa6otrax (++) 6ObluiM MoyueHbl AIA YCNa HEH3OMOp@HbIX rpacos c . 
peOpamu BepxHuve OleHKu BUya (C;n)", B paOoTe (*) —HWKHAA OLeHKa BU], 


n \n 5 
(D crea , a B paOotre (®)—HWKHAA OWeHKa TaKOrO Ke Bua AIA BACH 


Hepa3JIOXKUMbIX ceTel (7) QA HEKOTOPOH MNOcJIeqOBaTeMbHOCTH Np, Tye C; 
D—nexotoppie Kouctautpl. @, 51. BeryxunoscKum (°) mocrpoeHo cemelicTBi 


a2) n vs 
Hepa3vIOXKKHMBIX ceTeH, cCojep»xallee Gosee ) ceTeli c 2 peOpamn 


2e In?n 

B aHHOoH 3aMeTKe oulyualoTCcd aCHMIITOTHYeCKHe BbIpaxKeHHa A 
1) KOpHaA n-H cremeHH u3 “MCA HeHsoMOpdHbIX rpadpoB c n peOpamu 
2) cpequero uucla BeplwIHH B TaKHX Trpacbax; 3) cpequeli creneHu BepuIMl 
B HHX. 

Ucnoubsyemble 3f[eCb NOHATHA U3 TeOpHu TpadoB BBeJeHLI, Halpumep 
B paOotax (7°). 

Ilycrb © — mnoxectBo Bcex rpathos 6e3 H30/IMpoBaHHbIx BepuiuH; G1, G? 
@° — nowMuoxecTBa STOO MHOXKECTBA, COCTOAIME, COOTBETCTBEHHO, H3 CBA3 
HbIX rpados, rpadow Oe3 MapadwesbubIx peOep, rpadow 6e3 meresb. Beyer 
oOo3HaueHHaA: 


>=6, G@=G (i=1, 2,3); 
Gs, 8,8, = G3, 1 G3, 9 G3 (8; = 0,1 npu i = 1, 2, 3). 


Hanpumep, G1,,1= ©, a © 1,0 ecrb MHoxecTBo Bcex CBASHBIX rpatboB 6e 

netemb. Ilycrb @sg,,5,,5, (1) — MHOoxecTBO rpatow u3 Gs,\5,5,, MMeIONUxX nN pe 

Gep, H Gs,,s,,5,(%)— YHCO SemMeHTOB B Gs, 5,5, (72). 
Teopema l. 


g 2 


| 


2 n \n 
Gs,, 82,8 (11) = (+ Tata Wee bs (n) 


20e * 


2InInn 4\nInn 
ma rrreiecit NCO) sul Soa 


* Snecb <8 o3Hauaet, uto li a At 
N->Co 
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CueacTsBue. 


© 


V Gs,,8,,8, (11) ~ sae 


e In?n * 
Teopema 2. Jloan epaoe u3 &s,,5,,5,(n), umermuux k eepuiun, npusem 


Cn (In In ny! 


pemumcs K 0 ¢ pocmom n (30eco: C—HeKomopaan GuKcupoeanHas KOH- 
anma). él 

Takue %e OMeCHKH ClipaBeQMBbl Ja ceTeli (T. e€. rpacos, B KOTOpbIXx 
BIJeJICHbI HEKOTOPbIe MOJMHOKECTBA BePliHH). 

ls srux TeopeM cylefyer, uro nourn Bce rpacdpt u3 Gs, 5,5, (1) HMeIOT 


2n 
pHOH3HTeIbHO Tan BePHIHH M 4TO CpefHAd cremeHb (T. €. CpeqHee apucpMe- 


wuecKkoe unCa peOep, HCXORAMIMX JIA OHOM BepllMHbl) STOrO OOJbINMHCTBa 
padow acuMmToTuyecku paBHa Inn. 

B uacTHocTH, CipaBeJIMBbI Culeffyrollue yTBepxKeHHuaA: 

1. ITycme Bg —4ucao eepwuH epada G u 


4 


1 a 
Ba, 8.,8, (2) = BGS ao a Bo. 
81, 52, 53 GEBs, 85,8, (n) 
920a 
2n 
By,,8,,8, (1) ~ Jaa 


2. ITycmob Pg—cpednan cmenenob epada G u 


4 
Patt) =—gr 5 2 | Pe 
1, O2, Og GEGs 5,5, (n) 
ozda 
P3,,s,,8, (1) ~ Inn. 


JloxasatTesbcTBo Teopem | u 2 onupaerca Ha CuleLyroulue Ba OCHOBHbIX 
akTa: 
1. Tycrh G(n, k)— yucno vensomopdxprx rpacdos us Bpo,o,9(/), HMeIOULux 
peep. 
Jlemma l. 
fn k p2 n—k 
G(n, k) <k(S) 8 (=) 


n 


2. Hyctn G’”” —xunacc rpacos, o6mafaioulx cule yIOUlMMM CBOMCTBaMH: 

1) BepmimHbI KaxKgoro rpada pasOuBalorcd Ha p NolapHo HelepeceKalo- 
UXCA KaccOB, TAK 4TO HHKaKHe [Be BePIUHHb! OMHOrO KJlacca He COC] MHCHEI 
e6pom; 

2) Kaxkiblit Kslacc COfepxKUT g BePUIHH (HEKOTOPbIe BeplIMHbI MOrYT ObITb 
30 JIMpOBaHHbIMH ); 

3) yaa moObix AByX KJlaccoB BeplIHH MMeIOTCA B rpatbe poBHO rf pebep, 
OCIMHAIOWIMX BeEpPIUHHbl OJHOTO H3 STHX KJIaCCOB C BepllHHaMM Apyroro. 


e —i)r 
SameruM, uTO Kaxyplii rpab u3 ©” uMeer ee pe6dep u pq 


epluHH. 
Stu Kulaccbl ABIAIOTCA OOOOMLEHHAMM KJIaCcoB, paccMoTpeHHbIx [usOepTom 


Jt TOmyUeHHA HMKHeM OMeHKH YuCIa rpacos (”). [papi us GP Tipu pee, 
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eCJIM H3 HHX YlaJIWTb W8O0JIMPOBaHHble BePIIHHbI, COBNaaloT c rpadam 
[un6epta. 


Tlyers G?'”” — yucno rpados us G'%", 


JlemMa 2. 
r(p—1)p 
P,4,7 q 
G > p(p—1) 
peAghP (is 
MatematuyecKuH MHCTHTyT uM. B. A. CrTeksioBa Tloctynuo 
Akagzemun HaykK CCCP 29 J 1959 
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ck HH, JIAH, 126, Ne6 (1959). §°@. A. Beryxuosck uit, JAH, 123, Ne3, 391 (1958 
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Toxrnann Akanemun wayk CCCP 
1959. Tom 126, N 3 


MATEMATHKA 
B. B. MEJIAMEJI 


O BBIUMCJIEHHM HAJEKCA HENOJBY)KHOH TOUKH BMOJIHE 
HENPEPbIBHOrO BEKTOPHOrFO MOJIA 


(ITpedcmaeneno axademuxom IT, C. Anexcandposoim 20 II 1959) 


Bpuncyienwe HHJeKca HeNOABUXHOH TOUKH BIMOJIHe HeMpepbIBHOTO BeKTOp- 
HOrO NOIA UurpaeT BaxkHYy!IO POJb BO MHOFHX 3aflayax HesmHHeHHOrO (byHK- 
\MOHAJIbHOro aHasmu3a (cM. (1), B IPHMeHAeMOH HYXKe TePMHHOJIOFHH MbI TakxKe 
genyem M. A. KpacnocespceKomy). W@akTuyecKoe BbluvcieHHe MHyeKca 
,cmyuae, KOra JIMHeapH3O0BaHHOe NloJie BbIPO*KAeHO, TpeOyer mpeosomenua 
| HadHTeJIDHBIX Tpyauocteh. B cBa3H c 9THM UpefcTaBsaIoT HHTepec pa3sviNy- 
ible YCJIOBHA, MPH KOTOpbIX HHJCKC MOxKeT ObITb BHIYNCIeEH MO HeKOTOpOH 
pOULEH CXeMe. 
| 1. Ilyerb A—BnowHe HelpepbIBHDIA OMepaTop, AeHCTBYIOWINH B HeKOTO- 
OM BelleCTBeHHOM OaHaxoBom upoctpauctBe £. IIpeqnonoxum, uro AN = 0 
yTO B Hye Mpocrpaucrsa E onepatop A umeer pon3sBozHy!O Ppeuie, 
apHyio B. Onepatop B 6yyer BuowHe HeNpepbIBHbIM; BCIOAy B aJIbHeHWeM 
ipemmouaraetca, uro | aBsseTCA COOCTBeEHHDIM 3HaueHHem OnepaTopa B. 
_ CorsacHo Teopuu Pucca (*) mpocrpanctso E mpeycraBumo B Buse MpxAMOH 
;YMMbI AByX MHBapWaHTHBIX [JA B noympocrpauctB: kKoHeunomepHoro £,, 
pTBevaiomlero coOcTBeHHOMy 3Hay¥eHHIO 1, u Es, B KoTopom B ue umeer | 
POOCTBEHHBIM 3HaueHHem. ByjemM mpeqnosaratb, uTo Ey, COcTOMT TOJIbKO U3 
H OOCTBEHHBIX BEKTOPOB ONepatopa B. 
Ja Kaxkoro 3eMeHta 9€ E cnpapeyqmuBo pasiomKenve P= X-+Y, rye 
KEE, u y€E,. O6o3Haunum yepe3 P onepaTop mpoeKTHpoBaHHA Ha NOAMpo- 
rTpaHcTBo £,, ompeyeseHHbIi paBeHcTBomM Po = x. 

Jlonyctum, uTo onepatop A B HeKOTOpOHM OKpeCTHOCTH HyJIA MpocrpaH- 
TBa E lpeycraBuM B Buse 


Ag = Bo + Crp + Crip +--+ + Cate + Do, (1) 


4 


(| 


rye C;— emepatoph i-ro nopsfka, T. €. Take ONepaTopbl, uTO 
Ci (ag) = Crp, © ||Cp— Cif || <M max {Ile ol I e—4ll 


octatoK D saBaseTca onepaTopom Bpicwiero yem 71 -}-k MOpsyKa MaJOCTH: 


lim || Del] - || e""* = 0. 


[|ell0 


Viuyekc HyleBo HeNOZBHxXKHOH TOUKH BeKTOpHOrO Noa P— Ag” HJM, TO 
TO Ke, HHeKC Hysleporo peluleHHA ypaBHeHHua ~ = AP OOO3HAYHM Yepes ¥. 
B cayyae, korga | He ABJIneTCA COOCTBeHHDIM 3HaeHHeM JIMHelHOrO oMepa- 
opa B, wyyekc Y NO aOcouOTHOH BesMUHHe paBeH, Kak M3BeCTHO, e/\HHHILe. 
Jia paccMarpuBaemoro HaMM BbIpoxKeHHoro culyyad (Korga | aBaaerca co6- 
CTBCHHbIM 3HayeHHeM onepatopa B) MeTo, JIA BHIUHCJIeHHA HHJeKCa Obl yKa- 
san M. A. Kpacnocenpcknn (!), KOTOpbIi Mpeyqnonaran, uro sHayenua PCprg 
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He paBHbl HysIo pu PECL, nu g=-0. OkasbipaeTca, YTO STOT METOA MOK 
ObITh IIPHMeHeH Ip Oosee OOMMX YCJIOBMAX. 
Teopema 1. Ilycmo 


PCy X= PCat =. SPC x=0 EE); € 
PC ex Oe (Ae Eee ( 
Ilycmo 
k<n—l. (4 
Toz0a HYAb ABAAEMCA U3Z0AUPOBAHHOIM peuleHuem YpaeHeHun Y= Ac 
npuiem 


r=(-1)' 1 (E 


20e ®—cymma Kpamuocmeti coOcmeenHelx snauenutl onepamopoe B, OdAowt 
uem 1, @ ¥,—6patuwenue eexmopHoeo nont—PChtrX Na eOuUnU4HOLL cae 
npocmpancmea Fy. 

Kak moKasbipalor Mpocrble mpuMepbl, ycuoBue (4) HeoOxoAHMO AIA cps 
BeIHBOCTH Teopembi |. 

2. Jia mpumenenun Teopemb! | HY2KHO 3HaTb, ¥TO Ey COCTOHT TOJIbKO F 
COOCTBEHHBIX BEKTOPOB, HM HY2KHO YMe€Tb KOHCTpyHpoBaTb onepatop P. Ilyci 
€1, ..+, €s — COOCTBeEHHbIe BEKTOPb! OMepaTopa B, coorTBercTByloulHe COOCTBE! 
HOMy 3HaveHHIO, paBHomy |, a €),.++,€;— COOCTBEHHBIE BEKTOPbI CONps2Kel 
Horo onepatopa B* (jelcrByromlero B CONps»KeHHOM IpoctpaucTBe E£"), coo; 
BETCTBYIOINMe TOMY Ke COOCTBEHHOMY 3HaueHHIO. HeoOxo,uMbiM HW JOCTaTOUHEI 
yCJIOBHeM, pH KOTOpoM Ey; COCTOHT TOJbKO 3 COOCTBeEHHBIX BEKTOPOB onepé 

* 


Topa B, aBaserca OTM4He OT HYJA ONpegenutTena |az|, THe Ay = (41, & 
e * 
I]poekuHouHpit onepatop P ompeyessetca paBeHCTBOM (ecuIM (@;, €;) = 4;;): 


Ss 


PR= > (fF e;) e:. (¢ 
i=1 
Tlostomy ycsosue (2) MOxKHO 3anHcaTb B BHje 
(C9, e;)=0 (i=n,..., nt k—1; fe l,...,8; @CE)). (7 
YcuoBne (3) paBHOCHJIbHO TOMy, 4YTO CHCTeMa 
(Cape Dee, ej) = 0 (jae Peas) (é 


£=1 


He HMeeT pelle€HHH, OTJIMUHbIX OT TPHBHasbHOrO HywleBoro (OObIMHO CHCTeM 
(8)— To cucTema asireOpavyecKHX OJHOPOJHBIX ypaBHeHHii; ycOBuA OTCY) 
CTBHS HETPHBHaJIbHbIX PelUeHHli B STOM CJly4ae HSBECTHbI— CM., Halipumep, (°) 
Ycuopua Teopempl | (B Buje, HalpuMep, (7) u (8)) MoxHO KONKpeTHsHpC 
BaTb JWI Pa3JIMUHbIX HeJIMHeHHbIX HMHTerpaJIbHbIX ypaBHeHHi. Orpannunme 
OHHM ipuMepom. IlyctTb 
b 


Ag (t) =\RIt, z, 9 (t)] dt, ( 


a 


ide) 


rye 
n+k : 
R(i,-s, t) = Ry) US DRA ce) u), (1C 


npwuem dynkuua D(t, t, uw) HenpeppiBna mo u, | 
[D(t% 1)| Rape (t2) | u(r (11 


M Bce sjlpa R;(t, t) CyMMMpyeMbI c HeKoTopoli crenenbio p>n+k+ 1] 
Tora onepatop (9) qelicrsyer u BHomHe HenpeppiBeH (cm. (1)) B Tipocrpak 
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pe fp; JIA Hero ClipaBeAIHMBO MpeycraBsenue (1), B KOTOPOM 


b b 
Be (t)=\Ril eda, Cie(t) =\ Rib 9 9 (0) de, 
a a (12) 


b 


Dg (f) = \Dlt, 2, 9(z)] de. 


a 


3. Teopema | 0 M3BeCTHBIM CX€MaM MOET ObiTh IPHMeHeHa TIpH O6OCHO- 
ABH CXOMMOCTH IIpHOJIMKeHHBIX MeTONOB (THMa Meroya TamepKuna) perie- 
WMA HeJIMHeHHbIX yPaBHEHHli, JIA MCceOBaHHA CIeKTPOB HeAMHeMHbIX ONepa- 
DPOB, IA YCTAHOBJICHHA KOPPeKTHOCTH pa3JIMUHbIX 3ajJad TO OTHOLIeHHIO 
MaJIbIM BO3MYI[CHHAM ypaBHeHHi, pH MCCeLOBaHHM ToueK OndypKalnn 
T. q. II[pupegem oguy Teopemy o Toukax OudypKarun. 

Teopema 2. []ycmo ébinoaHeHol ycaceua meopemot 1. ITycme y,= 1. 
Hoeda wucao | seasemca mouKoli OudypKayuu Heauxetino2o onepamopa A, 
fpudem COOCMéeHHbIe 6eKMOPLL Sy (Pu = YAGy) Henpepolenoti eemeu, omeeuato- 
yell mouke OudypKayuu 1, yOoeremeopstom YcaAosuto 


eal] = 0 (je—1 pe). (13) 


4. Cnoco6, lpHMeHeHubliit HaMH IIpH JoKasaTeJbcTBe Teopempl |, MoxeT 
SIT HCIOJIb30BaH [JIA BbIUMCJICHHA BpallleHua Ha ccbepax Oowbuoro pamuyca 
SKOTOPHIX BIIOJIHe HEMPepbIBHbIX BEKTOPHbIX MOseH, ACHMMTOTHUeCKH JIMHeH- 
pIX Ha Oe€CKOHEUHOCTH. 

IlycTb BNOHe HeIIpepbIBHbIi Onepatop A onpeyeteH BO BCeM TpocTpaxH- 
rpe £, npuyem 


Ao = Be + Cio + Cop +... + Crp + Do, (14) 


ye B— nuyevHpii BnoswHe HempepyiBHbIli OnepaTop, OnepaTopbl C; yoBseTBO- 
OT YCJIOBHAM 


Ci(ag) =4'Ci9, || Cig—Cio||< Mlo— oll (15) 


onepatop De — ycoButo 


lim ||Del|- ell *=9. (16) 


Ile||-+00 
ByjemM lpemmosaratb, uro 


ee ee ee ee, (17) 


puuem 7, (i = 1,...,%)—ApoOu c HeveTHDIMM 3HaMeHaTeJIsMH. 

Byyem cuntath, Kak uBu. 1, sro | aBaaeTCH COOCTBeEHHDIM 3HayeHHeM 
meparopa B wu uro coorsercrBylouee HHBapHaHTHOe No_mpocrpaucrBo £, 
DCTOHT TOJIbKO H3 COOCTBCHHBIX BeKTOPOB onlepatopa B. Uepes P o6o3naunM 
Meparop mpoekTuposanua Ha E,, onpesenenHyi Tak %Ke, Kak BT. |. 
Teopema 3. Ilycmo 


PC,x= PC x=... =PCp4x =0 (ees) (18) 


PCx==0 (x€£,, x=- 0), (19) 
IT ycmo 
tS Tope (20) 


Tozda sekmopxoe nore p— Ap Ha ciepax On ae paduyca He umee 


HY AeGLX BEKMOPOS U Bpauyenue e20 PagHo (— 1)" 1, e0e 8—cymma KpamuHo 
meti coOcméeHHOIX 3HadeHUti onepamopa B, borowux uem 1, A {1 — BpatueHti 
eeKmopHoeo noni — PC,x Ha eduHu4noll cchepe npocmpancmea Ey. 

5. PaccmoTpHM cHoBa HHTerpambHBi omepatop (9). IIlpeqnomoxKum, 4 
HelpepbiBHoe no uw ayqpo R(t, t, u) yAOBMeTBOpAeT HepaBeHCTBYy 


k 
R(t, t, u) — Ro(t, )u— R(t, 2)" | < Rew (ts 9) (+ +a, @ 


rye *;— yKa3aHHble Bblllie uMcma, a Bce sagpa R;(t, t) CyMMMpyeMbI C KB, 
patom. B sTHx mpeymomoxeHuax onepaTop (9) AeHcTByeT HM BIOJIHe Herp 
pbIBeH B £2; OH JOMycKaeT mpeycrapseHue (14), rge omepatoppl B, C; u 
onpefemorca ecTecTBeHHDIM OOpa3om. Ycsopun (18) u (19) MoryT Obr 
BbINHCaHbI B BUe PaBeHCTBaA HYJIIO WIM OTJMUNA OT HYJIA HEKOTOPBIX Opes 
JICHHBIX WHTerpasioB. 
6. Teopemy 3 MOXxHO IIpMMeHHTb AVIA JOKa3aTeJbCTBA TeOpeM CyLeCTB 
BaHHA HW JIA UCCeOBaHHA ACHMNTOTHYeCKHX TOUeK OudypKalluHn. 
Teopema 4. J]ycmo 6olnoanenot ycaoeusa meopemol 3, u nycmbe =F! 
Toeda ypaenenue 9 = Ap umeem no Kpatinelt mepe CONO pewenue. 
Teopema 5. 1 YCMb BbINOAHEHbL YCAOBUA meopembl 3, NpUYeM Y%1~=—= 1. | 
Toeda uucno | seaKemca acumnmomuuecKott mouKoti CudypKayuu onep) 
mopa A. Co6cméennsle eexmopel ~, U3 Coomeemcmeyroluel Hen pepoleHou eem| 


COOCMBEHHOIX BEKMOPOG ydoenemeop stom npu amom Hepaeexcmey 


Ge eenCONS | 
lode ype (2 


OmcKHH Negaroruyeckni Tloctynuao 
HHCTHTYT 19 IJ 1959 
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Hoknane Akagemunu nayx CCCP 
1959. Tom 126, Ne 3 


MATEMATHKA 


JI. FY. HEMULOBA 


K BOTIPOCY O HOMOrFPA®HPOBAHHH YPABHEHWM TPETbErO 
HOMOrPA®HYECKOLO MOPAAKA 


(ITpedcmaeneno axademuxom A. A. Jlopodnuueinoim 9 II 1959) 


Bovibllyi0 YaCTb HOMOrpaMM H3 BbIPaBHeCHHIX TOUeK, KOTOPbIe IpHMeHAIOTCA 
ala IpaKTHKe, COCTABJIAIOT HOMOrpaMMbI ypaBHeHH TpeTbero HOMOrpaduyecKoro 
nopaaka. Ilosromy onpaByaHo TO BHUMaHHe, KOTOpoe yfemaeTcH 9TOMy Buy 
HOMOrpaMM B TeopeTHuecKHX paOoTax. B mocequee BpeMA JOCTHIHYTHI 3Ha- 
IMTeJIbHbIe YCHeXH B UCHOJIb3OBaHMH IIOJIYYCHHbIX TEOPeTHYCCKUX Pe3yJbTATOB 
WIA PeleHHA 3ayad WpakTuyecKoH HoMorpaduu. B pabote M. B. IentKos- 
“Koro (1) fan acdpeKTHBHbI MeTOA MocTpoeHua Takux HOMOrpaMM. B paGore 
-. E. Joxemc-Jlepu (7) u3ydena mouiHad rpylitia HeMpoeKTHBHbIX MpeoOpa30BaHHli 
OMOrpaMM ypaBHeHH TpeTbero HoMorpacpHyecKoro TopsyKa. 

Llembio HacTosueH paOoTbI ABJIACTCA YCTAHOBJIeHHe TeEOMETPHYECKOFO CMbICIa 
MapaMeTpoB HeIIpoeKTHBHOTO T1peoOpa3s0BaHHA MH MCHONb30BaHHe UX IA yuly4- 
e€HHA HOMOrpaMM. 

PaccMoTpHM ypaBHeHHe 


X (x) + Y (y) =Z (2). (1) 


IIpeo6pasyem 3TO ypaBHeHHe TaK, 4TOOb! PyHKuHA Z(zZ) M3MeHANACb OT 
Mya Oo equnuupl. Jia sToro BbINOJIHHM JIMHeHHOe TpeoOpasoBaHue 


aZ (2) + 6 = aX (x) + [aY (y) + 4] (2) 
H o003HauHM 
aZ(z)+6=Z(z), aX(x)=X(x), a¥(y)+b=Y(y), (3) 
rye 
ed SATE NS pa BZA ‘ A 
AGES Eee 4 Z (22) — Z (21) “) 


B jaubuetiuem Oyjem paccMaTpHBaTb JaHHOe ypaBHeHHe yxxe B Mpeoopaso- 


BaHHOM BiJe: 
X (x) + Y(y) = Z(2). (5) 


Vissecruo (2), uTo Aviad ypaBHenua (5) MoryT ObITh NOcTpoeHbI HOMOrpaMMBl 
C€ IIpAMomMHeHHO OTBeTHOM WikKaslOl MepeMeHHOK Z, 3aBHCAIeH OT OfHOrO 
HelpOeKTHBHOFO TapaMetpa, Upwuem dyuKuna f(z) onpesemneTcA OOpalleHvem 
wk. OTKya C TOUHOCTHIO ZO MpoeKTHBHOTO IpeoOpa- 
30BaHHA Mosyuaerca: 


uuTerpana Z(z) = \ 


ecnn R<0, TO f(z) =e2@V-*; 
etn k=O," To f(z)—Z(2); 
ecmn kR>0O, vo f(z) =tg[Z(z)V Al. 


On 
i>) 
on 


4 JIAH, tr. 126, Ni 3 


Mei paccMoTpHM ypaBHeHHe OTBeTHOM IlKaJIbl JIA Kaxkforo CJlyyad 
oOmeli dbopMe, cofep»xKalel BCe MpCeKTHBHbIe MapaMeTpbl, T. €. B BUC 


at CV Sh Np __aZ(z) +6 _atg[Z (2) VAl+0 ‘a 
OD GOV Rage VIRRCCTIB Ieee: etg[Z (z) Ve] +d 


Koulbl paccMaTpHBaeMOH LWKaJIbl C NOM€TKAMH Z2= 2, Z2= 2, 3aKPelHM 
B TOUKax u=0, v=1 u moTpe6yeM, 4TOObI TOUKH UWKaJIbl Z C MOMeCTKAME) 
23, 2, MepeulH B (UKCHPOBaHHbie TOUKM (HalpvMep, B TOUKH C OpAHHaTaMy 
v=1/5, v =#/,). Takum O6pa30M Tpylly BO3MOXKHBIX NpeoOpasoBaHHi OTBeT: 
HOH iKaJIbl pa3OvBaeM Ha [Be HHBApMaHTHble NOArpyMbl, COOTBETCTBYIOULME] 
He3aBUCHMOMYy U3MeHeHHIO J[ByX TIOMeTOK, MOMEeLLaeMbIX B (PHKCHPOBaHHblé 
TOUKH. | 
J{nA onpeyesieHua NapaMeTpOB MbI TOJIyYYHM pa3JIMUHbIe CHCTeMbI ypaBHe 
Huff B 3aBHCHMOCTH OT paCCMaTpHBaeMbIX 3HayeHHH R. 

Cuayuan k<0. Cuctema ypasHeHui MpvHumMaeT BUY 


aeZ(a)V—h yy ac? (@)V Rp 


ST a ee ’ ae a a . — Ses I 
coz (41) VF 4+d ceZ (2) V—k ead 


aeZ@)V—F 1g 4 ae@ (VR 4p) | 2) a 

coz (a)VR sg eas lene 4 (2) VR gy ae 

paeeZ(27) = 0, -Z (Zaye . 
Pewiad STy CHCTeMYy, IIOJIYYHM COOTHOIICHHEe, CBASbIBaIOMlee TPH MepemeHn) 
HBIX: 
oV—k Z (2s) ile 3eV—k —_ 4eV—k (1+ Z (2s)) (8 


LA 24) = In 


1 
V—k 4 — eV—k__ 3eV—RZ (a) 


(QJId HETO MOXKHO NOCTPOUTb CeTYaTyIO HOMOrpaMMy, UTOObI MO WaHHbIM Z (Z;)} 
Z (Zs) OMpefenaTb k), HM cnexytoulve PopMyvIbI AA ONpesenenuaA Mapamerpos} 


Q = CV RZ (zs) _ Vk, b = eV—k — eV —kZ (2) @ = BeV—AZ (zs) _ eV—& __ a 
des 3eV—k ee DeV —k (14+-Z (Zs)) eV RZ (zs) (9 | 
Cnayuah k>O. Us cucremnt 


atg(Z(a)VeJ+6_g atg[Z (x) Vel +6 BI 
ctg[Z(a)Vel+d ” ctg[Z(a)Vel+a ’ ci) 


atg(Z(z)VkJ+b 1 atg[Z(m)Vel+b 2 


etg[Z(z)Velt+d. 2? ctelZiaVeta 2” 


rye Z(z,) = 0, Z(z,) = 1, nomyyaem cooTHouenue, PaspelIeHHOe OTHOCHTE JIbH( 
24): 


a 4tg Vk tg[Z (zs) VR] 
2) =— are te eee 
(24) Vit oe Me VERSIE Zee | “a 


IIpoekTHBHbIe NapaMeTpbl B 9TOM CyIyyae ONpefesatoTca no cpopMy.iam 
b=0, a=tgVk—tg(Z(%)Vkl, c=tgeVk—3tg[Z (2) Val, (12 


d= 2tgVktg [Z (zs) V Rl. 
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| Cayuai k=O cojepxur TombKO MpoeKTMBHbIe NapamerTpbl, KOTOpBIe 
[IpefeAIOTCA H3 CHCTeEMBI 


QZ (Z1) +b QZ (ze) 40 aZ (zs) +b 2 aZ (za) +6 2 
Pay) id 0 eZ (ad cL (aged =. 3)? -cZ (za) +a <3 


he Z(z,)=0, Z(z.) = 1, orkyaza 
| Me, hE ON em N87 Ba) ad Oe (14) 


jak KaK YpaBHeHWe OTBETHOM UIKaJIbl HSBECTHO, TO OCTAJIbHBIe IIKaJIbI CTPOMM 
(0 3aceukam rpaduyecku no mMeTogy Topoyckoro uu anamuTMYeCKH MO Me- 
joay LKemc-Jlesn. as 


) 


Tan HJO 
9 II 1959. 


UHTUPOBAHHAA JIMTEPATYPA 


1M. B. TlentKospek4ua, CkeneTbl HoMorpamM ypaBHeHHl TpeTbero HomMorpadHue- 
KOTO Nopayka, M3g. AH CCCP, 1953. #7. E. Txemc-Jlesu, Bpruncant. matem., 

b 4 (1959). ° M.A. Topoackuii, Ya. aan. MIY, s, 28 (1939). 417. E. xemc- 
epu, KangugatcKaa gucceptrauua, MIY, 1955. 
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Jloxnagp Akaylemunu HayKk ECcGcP 
1959. Tom 126, Ne 3 


MATEMATHI 
A. A. TIPECCMAH x O. C. BEPJIAHA 


O NOJIY4YEHHM ACHMMTOTHYECKHX BbIPA)KEHHHM 
JIA HEKOTOPOrO KJIACCA ®YHKUMU 


(I]pedcmaeaeno axademuxom A. A. Jopodruyonvim 23 II 1959) 
PaccMoTpuM HekoTOpylo (byHkuuIo }(A, x), 3ajaHHyloO B Bue MHTerpa. 


TIpHueM TpeqnodaraeM, 4TO NOPbIHTerpaJIbHOe BbIpaxKeHHe OMycKaeT BB, 
yieHve (PyHKUN, almpoKcMMupylouleH HeKoTopyro 6-cbyHKuMIoO J[upaKa: 


b 
(00, x) = Ve(% 80, 0) dt, 
rye - 


limo, t)=6(i—c), “G20 90. 
A>0 


Tlepexoya B papow vacru (1) k upegeny npn A-->0, nonyuuM cnpaB 
JIMBOe JIA MaJIbIX  TIpHOJIHKeHHOe PaBeHCTBO 


b 
b(d, x)~\e(x, t)8(t —c)dt = 9(x,c). 


Tlopaqok oumOKu Takoro NpHONHxKeHHA OLeHHBaeTCA C MOMOLIbIO BTOpI 


yleHa POpMaJIbHOTO pa3zs0x%KeHHA CbyHKiMU 6(A, ¢) B CHMBONMUeCKHH pay 
MaJIbIM 3HAYCHHAM HapaMeTpa A 


OK, t= 5 (t—c) + 208) (0, t)+. 


yr 
Law, Pecny <6) aCe re—*| 302 8(¢— 1) (), to (3) npamemm 

1 
eo 

yt v —vt ae F 

8 (X, 2) Forth te ee ~d(t—1)+ 

ay G: 
4 yt aay Meal il pe { 
+4tim [=e te (—v) (444 nt—t LIny et. 


CpaBHuBas BbIpaxkeHHe B KBaPpaTHbIX CKOOKaX C 


Veta (4 — ;) 
Oy (A, t) — ere att te (v2) \ v 2 \ 1 | 
1 


P+) rp fa 


ae Oo” (h, t) = 6”(t — 1)) mw nepexona B (4) K npezery npn »>0 


v>00 


HJIH 
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oo, TMOJyuHM 


dn 1+Int—t 
d(A, t) ~ 8 (¢ — Na. Cae 


=o(6— 1) 9 1) (1 2 tn 0), (5) 


eb —4 2! 
me = 58 (¢— 1) (cu. (). 


Tlogcrapnsa (5) B (1), Ha OcHoBaHHnN busbrpytousero cBolicTBa 5-cbyHKuH 
ee MIpOH3BOJHBIX HMeeM 


K Kak 


: b 

$05 x) = | 

p » 
i) 


(x, t)d(r, t)dt ~ 


~\eu, t) 8 (¢ — 1) dt — 


a 


Piney) a (lai? 1) 8 (fee 


4) 
= (x, t) oer ie (eng aaron (6) 


IIpupeyqeM HECKOJIbKO IIPHMepOB NOJYYeHHA ACHMITOTHYeCKHX BbIpaxKeHHii 
MOMOLbIO COOTHOLIeHHA (6). 
Po (et) en Fea =0, bi ico. 


yt . . ot —att Sarl! (v-+1)/2 a 
ree) dt = 25 Tay (FT) Kn QV) ~ 
~e*[1-4+ (1 + 2x + 3x%) |, 
Tky qa 
Deir ( 1 Pail 1 e a 
Kyja @—) ~ SF? em [14 £1425 +3 55)|, (7) 


qe 2=2) vx. Mpu manerx 22/4v raapuplit une Bblpaxkenna (7) mepexoguT B 
ICHMITOTMYeCKOe BbIpaxkeHve Aa dyHkuuN K,(Z) MpH OowHXx 3HaYeHHAX ee 
aoe yet). 

Pree (t, (y= 6 1 a= 0, DS oo, 


sa foe) A 
v y uy —vi—x?t?/2 VIN Vaclav ae v 
oe tee ENG | Sees (=) evi ae" D)_iy44) (=)~ 
0 


2/9 “1 
~e"nl Jott 3x4) |, 
— 2? /4—v?/22? y 2 4 
Don @~ a —[14+ ee (I- +34), (8) 


2vtl 


ye 2 = v/x, D,(z)—cbynkuua napaOomuyeckoro unsuMHApa (°). 
3. 9(x, t) =(1+<); C= 0 co. 


(ore) 
Wany otvd (ne te xy v1 fox SRV. \ gle =\ pee 
2 2 a T (v = 1) 0 


ox (vay ert 4 |" fit efit p+ ae tf 


O6osHayad vx Yepes Z, NOMyUHM 


Way actos (2) (2) mena peli te [1+ pont emai , 


3nechb Wo, un (2) — yHKuua Yurtexepa (%). 


Uucrnty? MpuklaqHok reopu3sHKu Tloctynuao 
Akanemuu HaykK CCCP 23 II 1959 


UWAHTHPOBAHHAA JIMTEPATYPA 


*5. Ban gep Iloap, X. Bpemmep, OnepannonHoe ucuucmenue Ha OCHOE 
aByXcTOpoHHero MpeocOpasopanua Jlannaca, WJI, 1952. *%3. Fpeuv, T. B. More: 
®ynxuuu Beccena H uX MpHowKenns kK (:huznKe wu MexaHuKe, WJ], 1953. %* HW. M. Par xuyt 
H.C. Ppaamteiu, Ta6nuubl unterpatos, cyMM, pop 4 mpow3Begenut, M., 1951. 
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Aoxrnayn Akayemnu nayx CCCP 
1959. Tom 126, Ne 3 


MATEMATHKA 
B. TI. XABHH 


OB OJHOM 3AJIAYUE B. B. FOJIYBEBA 
(JTpedcmaeaexo axademuxom B. H. Cmupnoeoim 13 II 1959) 


_ B. B, Tosy6es ((*), erp. 81, 157) nocraBun caeqytouuii Bompoc: Heb3s 
jim BcaKylo cbyHkumo f(z), perynapHyo BHe KpuBoit L, mpeycTaBuTb pAqOM 
nya 


Ee (t) dt 
f= WV gaya t ho). 


R=0ul5 


#3 HacTOsMeH 3amMeTKe Ha Bompoc B. B. TonyOepa Oyyer aH yTBepAMTeWb- 
HbIi OTBeT. 

Vlyctp F — orpanwuenHoe 3aMKHYTOe MHOXKECTBO TOYeK KOMMJIEKCHOH pac- 
MpeHHoH fslocKocTH R; w(e)—HeoTpHlaTewbHad Mepa, 3aaHHad Ha NoJ- 


WMHOxKecTBAaX F wv Takan, uTo u3 eCF, w(e)=O0 scerga cuenyer Fle = F. 
WPaccMOTpHM COBOKYIHOCTb X, BCeX aOCTPaKTHbIX (pyHKUHii KOMMsIeKCHOrO 
ApryMeHTa, 3aaHHbIx Ha F, NpWHMMAIOLUNX 3HAYeHHA B MHOKeCTBE MOCcJIe,OBa- 
€JIbHOCTeH KOMIJICKCHbIX UHCel H OONaaOulNX CBOHCTBaMH: 

| a) ana fEX,, f(t)={fo(t)}p-o, tEF, kaxkgad Koopgunata fp ecTb 
-CyMMupyemas C KBaypatom no F dynuKunus f; 


6) (3 nC Pwr de < +00. 


F \p=0 
Baona B Xp, CKaJIApHOe NpousBeyeHHe MO dopmysie 


(f, g)n =A | Di fo (t) go (8) | dy, 
p=0 


Mbl Ipespatum X, B rMibOepToBo mpoctpaHcTBo. Jlerko BugeTb, YTO Xp, C 
Xnwi, N=1,2,..., mpuyem gaa fEXn (Ff, fn (i, Pati. B MHomectBe 
(oo) 


= U X, BBeseM Tonosoruio WHAYKTHBHOrO Mpefesa MocseOBaTebHOCTH 
n=1! 

UIbOepTOBLIX MpocTpaHcTB Xp (?). 

Teopema 1. O6muti eud aunetinoeo nenpeprlenoeo dynKxyuonana 6 X 


Jaemca dopmyaot 
= co 


© (f) = >) fo) Y(t) de, (1) 


p=0F 
20e FEX (f(t) = {fp (D3pe0)3 (Yphp~-o — Makan nocredoeamenbHocmo [L-CYM- 


p 
MUPYeMblx C KeAOPamMom 4UCAOBoLX PYHKYUU, sadannox Ha F, umo limV {lypl\|= 


p> © 


=0 (ily? =) Iyp(t)P a. 
541 


Tlycrh A(F) ecrb COBOKyMHOCTD BCeX (YHKIMH, peryJApPHbIX Ha F. Besa- 
(P)(z) | 
knit snemeut ¢€A(F) oToxgectBuM c f,€X, rae fe (t) = eee u Oy- 
mem cuutatb, uro A(F)c X. Bsaegem B A(F) Tononornio MpocTpaHcTBa 
(LN*) tak, Kak 9TO JleslaeTca, HallpHMep, B padoTax (?) nau (‘). | 
Ucnomp3ya pesyibTaTel padotbl (°), MOXHO MOKa3aTb CJIeyIOulylo Te- 
opemy: 
Teopema 2. Baoocenue A(F) 6 X nHenpepoisHo; A(F) — 3amxnymoe 
nodnpocmpancmeo X. Beakutt aunetinout myHKyuonan, Henpepolenolll 6 A(F), 
HenpepoleeH u @ monoAceuu, uUnOYyYUpoeaHHoli 6 A(F) us 
Tenepb HeTpyJHO MOJYUHTb OCHOBHOM pesyJIbTaT STO 3aMeTKH. 
Teopema 3. Kaacc gynKyutl, peeyanpuolx 6 R\F u  paenolx HyAK 
npu z= co, coenadaem c Kaaccom dyxKyull, npedcmaeumelx ene F pado 
euda 


0 Ip (t) deg 
2) (oer) a 


2de lim|| yp ||” = 0 (Il ¥p |? = \ up @) du < +00, p=O,1,...): 


Tloka3aTeabcTsBo. PeryaapHoctb cymMMbI psa (2) B R\F sacwa uw 
Toro, TO eFO UeHbI He IpeBOCXOAAT NO MOYO WIeEHOB pxAa 


S IY plIV p (F) 
inf j7— 2" 
P20 ele 


Ilycrb renepb tbyHkuma u(z) peryaApHa B R\F, u (co) = 0. Paccmorpmn 

4 
dbyHkuuonan D, (x) = a) u (6) x (€) dé (x A(F)), roe C,— KoneuHas cucte 
Ma 3aMKHYTHIX CIIPAMJIACMbIX KOHTYPOB, OOpa3yloulHX [pany OTKPpbITOr< 
MHO*KecTBa gy, > F, B 3aMbIKaHHH KOTOPOTO perysapHa cyHkuuA x. SIcHo, uTE@ 


4 = 5 
u(z) = ©, (bz), roe $2 (6) = = (z€F). Oynkunonan D, Henpeppipen B A(F} 
(3), a noTomy (cM. Teopemy 2) mo Teopeme Xana — BaHaxa — CyxomsuHoBa MO} 
*KeT ObITh WpomouKeH Ha Bcé X c coxpaHeHvem HempeppiBHoctu. M3 Teopempi } 
Tellepb oslyyaem 
Y, (t) dp 


u(z) = O(d,) = Dis Gar” lim || yp ||”? = 0. 
=0 F po 


zu 


Teopema joKa3ana. 
Sameuaune |. Ecnu F —xkpusaa, a —Mepa JIeOera, To u3 Teopemnl 4 
MBI TlOJlyuaeM YTBePAUTeJbHDIM OTBeT Ha BoTIpoc B. B. Tony6epa. 
Samevanwe! 2. Echuuk = {a;4,/ae; . hay as) 5 ak 
TO pag (2) ecTb cyMMa m payoB Jlopana. | 
Sameuanue 3. Ecum L— s3amxkuytaa kpupai Kopyana, a u(z) pery 
JspHa BHyTpH L, To, Nomaraa u(z)==0 Bo BuewHocTh L u 3aqaBaa Ha J 
Mepy Jle6era, nojuyuaem 


“@=d\ Gaye ED,  lim(\iu@Plalm—o. @ 


B cayyae, Kkorga L ectb equHnuHad OKpyxkHOcTb, B. A. Boctperospm (é 
Momy4eHO Oovlee CHJIbHOe yTBep XeHHe: BCAKad (yHKuMA wu (z), perysapl 
Had pH |z|< 1, Moxer OpiITrb pescTaBseHa B Bue 


Puy { 
uz)=\ 9e%)g Gre de’, 
P 
542 


27 


qe g— HeKOTOpad Wena cbyHkuua, a\ | p (e’®) 2 dB < + oo (opmyaa (3) n0- 


! 0 

iyaaetca us hopmytt B. A. Boctpenopa pa3oxKeHvem g B CTeMeHHOH paz). 
Hbl He 3HaeM, HMeeT JIM MecTo (opmysia B. A. Bocrpemosa B csyyae KOHTU- 
7YMOB, OTJIMUHBIX OT OKPY2KHOCTH. 

| Sameuanne 4. O6obmennpie «Koop punnents JIopana» y,(t) Boccra- 
ABIMBaIOTCA 10 (PyHKWMN u(z), BoOOOMIe TOBOps, HeeJMHCTBeHHEIM O6pasom,. 
AK [OKAa3bIBatOT IIpOCcTble MpHMepbl. 

Y3 Teopempl 3 slerKo ceqyeT Teopema Apontiaiina o pacripezenexun oco- 
pHHocTeli (?,*): ecau u(z) peeyanpna ene F, F=F,U Fy, F; =F; (j= 1,2), 
MO u (Zz) = uy (z) + Ug(zZ), ede u;(z) peeyanpuna ene Fj. 

| Ormetum ele Tako dakr: 

Teopema 4. ITycmb {tg}g-1—nocaedoeamenabKocms mouex F, naom- 


lan 6 F; u(z)— peeyanpnasn @ R\F dynxyua. Toeda UZ) , Te) eaeeea 


Gail 

DYHKYUA fg peeyAAPHAa ecwody, Kpome mouku tg, a pad CxOOUMCA AbcCOAIOMHKO 
| paeHomepHo 6xympu R\F. 

QTa TeopeMa JlerKO cyleqyeT u3 TeopembI 3, ecm NONOKUTD AA eC F 


f 
4 


we (e) = 2 Mg [Sim <t OO, np > 0}. 
q&é 


q=1 


| BosuvkaeT CJleqyioulHH BOMpoc: Kakve (yHKUMM MOryT ObITb MpeycTaB- 
MIeHbl pAOM (2) C KOHEUHbIM YHMCJIOM CJlaraeMbIX, OTJIMUHBIX OT HYJIA? 
Teopema 5. Cuedywujue ymeepocOeHuA pPpabHOCUAbHOE!: 

1) u(z) Oonyckaem npedcmaeaenue (2) C KOHeuHoLM 4UCAOM CAAeAeMDIX,. 
DMAULHOLX OM HYAR; 

2) dynkuyuonaa Py, 3adannolti 6 A(F), nenpepoleeH omHOCcUMeAbHO mono- 
Moeuu, nopoocdenHott 6 A(F) cemeticmeom Hopm 


HNeile= (Lie @ Pde)", k= 0,1, 


Takum o6pa3om, ecu pay (2) cunTaTb aHasiorom KJlaccMyeckoro paja Jlopana, 
TO aHayioraMu (pyHKWMH, HMeIOUIMX B KayeCTBe OCOOeHHOCTeH TOJIbKO MOJIIO- 
bbl, OyAyT (PyHKUMH uw (zZ), MOpo*Laloulve Ha MHOXKeCTBeE CBOHX OCcOOeHHOCTeH 
paclipeqesieHHaA KOHeUHOrO TopalKa Dy. 

SaMeTHM, UTO B HEKOTOPhiX UAaCTHbIX CJlyyaaxX (byHKUMM, OlycKaloulue 
mpeyctapsenve (2) C KOHeYHbIM UMCJIOM CJIaraeMbIX, MOryT ObITb OXapakTepu- 
BOBaHbI Oolee KOHKPeTHO, YeM B Teopeme 5 (cM. (°)). 


JleHHHIpagckHli TrocyapcTBeHHbIM yHHBepCHTeT Ilocrynuaio 
um. A. A. )KaaHoBpa 26 I 1959 


WUTHPOBAHHAA JIMTEPATYPA 


1B. B. Toay6es, Onxnosnaunpie avamuTnueckne (PyHKUHH C CORCPIeCHHbIM MHOXKE- 
ctaom ocoOpix Ttouex, M., 1916. 2 1. A. Patixos, Tp. Mock. mate. oOuy., 7 (1958). 
3G. Kéthe,J.f. reine u. angew. Math., 191 (1953). * K. CeOacTban-H-Cuabsa, 
Marematuka, 1 (1957). ®© 5B. M. Maxapos, JAH, 119, Ne 6 (1958). © B. A. Bo- 
etpenos, JIAH, 65, Ne 1 (1949). 7N. Aronszajn, Acta Math., 65, 1 (1935). 
3B. Tl. X asun, JIAh, 121, Ne 2 (1958). 9G Kéthe, Math. Zs., 57 (1952). 


Jloknagm AkayemMuu Hayk CCOGE ; 
1959, Tom 126, Ne 3 


MATEMAT HK\ 
A. B. WITPAYC 


O XAPAKTEPHCTHYUECKMX ®YHKUMAX JIMHEMHbIX OMEPATOPOB) 


(IIpedcmaenexo axademuxom IT, C. Aanexcandpoeoim 16 II 1959) 


1. Tlonatue xapakTepucTruyeckoH (yHKIWMM JMHeMHOrO ONepaTopa B Hue} 
6epToBOM MpocTpaHcTBe Oblwio BHepBble BBeseHO M. C. JImBuIMIeM JIA H30MeT) 
puwuecKHX MH CHMMeTpMy¥ecKUX OMepaTOpoB c HHeKcoM Aedexta (1,1) u gia ul 
KBa3HYHHTapHbIX H, COOTBETCTBEHHO, KBA3HCAMOCOMPsAXKEHHbIX paciuMpenul (*)*) 
Ilocne storo B page pador (?-1°) noHATHe XapakTepHcTHYeCKOH (yHKUHH Ob} 
MO-pa3HOMY pacipocTpaHeHo Ha Apyrhe Klaccbl JIMHCHHbIX OMepaTOpOB, YOE 
JICTBOPAIOMIHX TEM HJIM WHbIM YCJIOBHAM. 

B HacTosuleH 3aMeTKe jlaeTCA OlpefeseHHe XapakTepHcTHyecKON PyHKUAs 
J000ro JIMHeMHOrO ONMepaTopa C MWIOTHOM B JaHHOM MpocTpaHcTBe OOaCTHE} 
OMpeeleHHA H C HEMYCTbIM MHOXKECTBOM PeryJIAPHbIX TOUeK. BbiicHseTca BO! 
mpoc, B KaKOH Mepe TaKHe OMepaTOPbI OMpeeAIOTCA CBOHMH XapakTepHcTHye| 
CKHMH (PYHKUAAMH. 

SameTuM, 4YTO Tpesylaraemoe 3ech OMpeseseHve XapakTepucTuyecKon (byHK 
WHH MpHoOpetaeT BeCbMa MpOcTOH CMBIC, eCIH pacCMaTpHBaeMbIH onepaTof} 
MopoxlaetcA COpMaJIbHO CaMOCOTIPAXKeHHbIM MudPepeHWHaJIbHbIM BbiIparkel 
HHe€M HW HeCaMOCOMPAXKeHHBIMH KpaeBbIMH YCJIOBHAMH. | 

2. Ilyctb A—nponsBoubHbli sMHelubI onepaTop B rumbOepToBom mpoj 
cTpanctse H, umeloulMi nuiotHyio B H o6sacTb onpenemenua Da uv HenycTo) 
MHOX€CTBO peryJIApHbIX ToueK Ay. Onepatop A, oueBuyqHO, 3aMKHYyT. Pac 
CMOTPHM COlIIpsxKeHHbIN c A oneparop A” c o6sacTbIO onpexenenna Das! 
UYepes Ay» O603HAYMM MHOXKECTBO BCeX PeryJIAPHbIX TOYeK oNepatopa A*| 
Muoxectso Ay* HenycTo, Ipwyem A € Ags Tora uM TOKO Tora, Korga AE Ay 

Ilyctb Ga—uoroo6pasue Bcex Tex f€Da 1 Das, Ana KoToppix (A— 
— A*)f=0. Paccmorpum axtop-npocrpauctso Da/Ga. Jina  sm10Opi} 
£,7€Da/Ga onpeyenum cKasapHoe npousBefenve [£, y] 10 dopmyse 


ed =+0A4% — Ag) (a 


rae EE, gEy. Dro ompezenenve KOppeKTHO, T. €. He 3aBHCHT OT BEIOOpE 
mpeqcTaBuTesen f MW g KJaccoB — M y. OTMeTHM, YTO CKaJIApHoe MpousBere’ 
Hue [€, 7] ABJIHeTCA HeBbIPOXKCHHBIM, T. €. ECM AIA HeKOTOporo EE D4,/G, 
HM mo6oro 7€Da/Ga [€, yn] =0, TO E=0. @Maxktop-lpocrpauctso D,/G, 
‘C BBEJCHHBIM BBIIMe CKaJIAPHBIM MpOMsBeseHveM pescTaBsser coOol mpumert 
JMHEHHOrO IIpOCcTpaHcTBa C SPMHTOBOM ONJMHeEHHOH MeTPpHKOM, KOTOpad F 
OOleM Cuyyae ABJIAeTCA MHeduHUTHOL **. 

I 


*C pesyabtatamu padotst M.C. JIlmpuiuija MOXKHO Tak2Ke O3HAKOMHTbCA MO KHUTE 
JH. VW. Axuesepa u 11. M. Vaasmana (2). . 

2S CMe mo sTomy nopogxy KHury A. MW, Manpuesa (17). Xora npocrpancrBa, paccmaTpu: 
BaeMbI€ B STOH KHHTe, Kak MpaBHJIO, KOHEYHOMeCPHbI, OHAKO MHTepecylomHe Hac onpese. 
JIeHHA PaclpocTpaHsloTcA Ha MpocTpaHcTBa MOOOH pasmepHocTH. 
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[panvunpiMm mpocrpaHcTBoM onepatopa A ycmoBYMCH Ha3bIBaTb BCAKOe 
IMHeHHOe MpocTpaHcTBo L c CumHelinol MeTpukoi, usomMopHoe cbaKTop-mpo- 
(rpauctBy D4/G, co CkalApHbIM MpousBeyennem (1). 

|| QToMy onpeseueHvio SKBUBaJIeHTHO caeqyroutlee: 

_ Jiwneiinoe mpocrpanctso L c HeBbIpOoKAeHHbIM CKaJIAPHbIM MIpoOHsBeyqeHHem 
Hp, ?] HaspiBaeTcA TPpaHHUYHbIM MpocTpanucTom oneparopa A, ecau 
ryulecTByeT JIMHeHHbIM onepatop I’, oTro6paxaiommi Da, na L, TaKol, uTO 


(Tf, Tg] =F 14f, 2) —(f, Ag) 


qa moObix f, g€Da. Onepatop IT, o6nanatouuli yKasaHHbIM CBOlicTBOM, 
SyHeM Ha3bIBaTb TpaHHUHbIM. 

Ilycrp L—-npovsso.pHoe rpaHuyHoe mpocTpancrBo onepatopa A co cKa- 
NAPHbIM NponsBeyenuem [9, b] uw [— Kakoi-nu6o rpaHuuHBi onepatop. Kpo- 
e Toro, BBeJeM B paccMoTpeHve Kakoe-M60 rpaHu4Hoe mpocrpaxcTso L’ 
bnepatopa — A” co cKasApHbIM MpousBeyenuem [9’, ¢’]’ H rpaHHuHblli onepa- 
rop I”, oro6paxaioujui Das na L’. Jina mo6vix f’, g’ € Da» 


eyes TP’ ge] = FU, A*g’) — (A’f’, fide) 


Jlna mro6oro XE Ay u mo6oro f€D,4 cymlecrByeT CQHHCTBeHHBI 3271eMeHT 
€@ Das TaKOH, 4TO 


, Aj — AP = 4G =f’): (2) 
(lonaraa 
Se (Aa NE (A he) 
MeeM 
[= Spf. 


| Jlerko yOequteca B Tom, uro ecuu Tf =0, ro I’f’=0. Yunteiwaxn ato, 
Mbl OlpeyemuM pH sm60om XEAy+ oneparop X (A) u3 L BL’ dopmyson 


X(A)PF=I’Saf (Ff € Da). 


Takum o6pasom, ecmH AEA, a anementel f€ Da u f’E€ Da» CBABAHbI pa- 
HBeHCTBOM (2) nH p=If, o’ =I’, To, no onpeszenennto: 


¢ = X(d)9. 


Onepatopuyio cbynkuuio X (A) KoMMmeKcHoro Mapametpa  (A€ Ags) Oy- 
\IeM Ha3bIBaTh XAPAKTePHCTHYeECKOH PyHKUNeH OMepaTopa A. 
| OrmeruM, uTo xXapaKTepucruueckas dbyHkuua X (Ak) onepatopa A 3aBHCHT 
jor BbIOopa rpaHHuHEIxX mpocrpancts L, L’ w rpaHMynbix oneparopos I, I”, 
3. pu m060m 4 € Ag+ Non0KuM 


Sy = (A — X£)"1(A* — 2B). 
Jia Tex xe rpanvuHbix mpocrpancrs L, L’ u rpanuunbix onepatopos I’, I”, 


KOTOPbIM COOTBeETCTBYeT XapakTepucruyecKkad pyHKIlHA X(d) onepatopa 
A, ompeyenuM:onepatop X’(d) (AG Ags) u3 L’ B L no dopmyse 


X’ (If! =TSzf’ (f" € Das). 


3ameTuM, 4TO CCIM B TpaHMuHbIX poctpancTBax L, L’ BBecTH CKaJIApHble 
MIpOM3BeeHUA, OT/IMYAaIOL[WeCcA OT IipexKHHX JIMUIb 3HaKOM, TO OllepaTOpHaA 


bynkuna X’(d) (K€ Ags) OKaxKeTCA XapaKTepucTHyecKOH dyHKUNel onepaTo- 
pa A* B cMbICMe MpHHATOrO BbIe ONpeyzeseHua. 


IIpu mo6om }€A,+ onpegenum onepatop 2, Ha L BH, momaraa 


QPF = f—Srf (FE Da). 
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Sro ompeylesenvie KOppeKTHO, TaK KaK eCJIM Is KAKOTO-JKOO feD, Th=G 
TO upH m060omM AE Ay« Spf =f. SameTuM, uTO, KaKOBO Obl HU ObIIO KE Ags, | 
Q.@ =0 numb mp p= 0. ; 
Ananorwyno onpeyenserca mpu mo6om }€ Ays onepatop Q: u3 L’ B ff 
O-T'f = jf’ —Szf’ Uf € Da»). 


Jina moOnix 2», wE Ags 9, PEL uo’, b' EL’ umewr MecTo paBeHcTBa: 


[p, I —-IX We, X (WAY =25# (ag, 244), 


ip, X'@HI—[XO)e YT =*F* (Ge, 254), (3)) 


i 


[y’, YI —LX’ (He, X’ GOT = 2FA(Qig', 254’. 


gnemextow f —Saf, f’—Sxf’, rae f€ Da, Ff €E Dax, XE Aas. 

Jlemma 1. IJodnpocmpaucmeo H, npueodum onepamop A. 

C MOMOIIbIO COOTHOUIeHHH (3) OKAa3bIBaeTCH CIeMylonlee NpesorwKenwe. 

Teopema 1. Onepamop, undyyupoeannoui onepamopom A 6 nodnpo-' 
cmpancmee H,, onpedeasemca xapakmepucmuueckou gynkyueti X (dh) onepa-t 
mopa A c mouxocmeto Oo yHumapHoll aKeueaneHMHocmu. | 

Jlemma 2. Onepamop, undyyuposannoli onepamopom A 6 nodnpocmpax-| 
cmee H,= H Oy, seanemca camoconpaoteHnolm. 

Kak M3BeCTHO, JIMHelHbI onepaTop, elcTByIOULMi B ruIbOepTOBOM IIpo-| 
CTpaHCTBe, Ha3bIBaeTCA MPOCTbIM, eCJIH, KaKOBO Obl HM OblIO HeHyJeBoe MpH-f 
BOMAee Jans OMepaTop NosMpocTpaHcTBo, onepaTop, HHAYUNpOBaHHbIi Bi 
9TOM NOAMpocrpaHcTBe, HE ABJIAe€TCA CAMOCOTpP#52KeHHBIM. | 

ycts A® u A®)—npoctsle onepaTophl, MeicTBy!OllWe COOTBeETCTBEHHO B| 
rHJIbOepTOBbIxX pocrpanctBax H@) u H®). TIpennonoxuM, 4TO KaxKbIM U3} 
ollepaTOpoB MMeeT IIJIOTHYIO OONaCTb OTIpeweeHHA HM HeNYCTO€ MHOKECTBO 
peryJIApHbIX ToOUeK. 

Teopema 2. J[aa moeo umo6et npocmoie onepamopu AD u A) 6otau 
YHUMAPHO IKEUCANEHMHOL, HeEOOXOOUMO Ku OOCMamo4HO, UMOObL UX xapaKme- 
pucmuueckue gynkKyUuu coenadaau. 

HeoOxoqumocTb ycJIOBHA OYeBH Ha, MOCTaTOUHOCTS BbITeKaeT U3 Teopemb! | 
WM JI@MMBI 2. { 

Teopema 2 ananorn4uHa peAOxxXeHHAM, YCTAHOBJICHHBIM paHee B Apyrux 
padorax (*, 3, , 8, 10, 14, 16) ana cayyad onepaTopos, YyAOBeTBOpAIONIAX 
Ooulee OFPpaHHYHTeJbHbIM YCJIOBUAM. 


ie 


YabaHoBcKHl TrocyJapcrBeHubiit Tlocty nHJ10 
meqarornuecKHH MHCTHTYT 44 II 1959 
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MEXAHHKA 


B. B. KASAKEBHY 
O TIPOWMECCE S9KCTPEMAJIBHOFO PErYJIMPOBAHHSA 
MHEPILMOHHbIX Ob bEKTOB TPH HAJIAUHA BO3SMYLIEHHH 
(ITpedcmaeaeno axademuxom H. H. Boeoarboenm 31 XII 1958) 


IIpH paOore skcrpeMaJIbHOrO perysTopa c OObeKTOM perysupoBaHua, 
OOaaiolluM OOJIbUIOM MHEPIMOHHOCTbIO, MpOWecc OTbICKAaHHA SKCTPeMyMa 


|CHJIbBHO 3aTATHBaeTCA;, MPH 9TOM HETOUHOCTh peryJIMpOBaHHA MOXKET BOSpacTH: 
YBeJIMYHTCA «pbICKaHne» H NOALepxXHBaeMoe 3HayeHHeE peryJIMpyemol BeMMUH- 
‘HbI OyeT yaJleHO OT HCTHHHOTO 3HayeHHA (**). TouHocTbh skcTpeMasbHOro 
'peryJIMpOBaHHA 3aBHCHT Tak2%Ke OT YPOBHA NOMeX; MPH HHTCHCHBHBIX BO3MYIILe- 


HUAX Mpotecc peryJMpoOBaHusA MOxer HapyuiuTEca (1,7,4-%). Smecb paccmaTpu- 
BalOTCA HEKOTOPbIe CHOCOOb! YMeHbUICHHA BJIMAHHA MHEPUMOHHOCTH OObeKTA 
peryMpoBaHusd H OCaOIeHHA BO3TeHCTBUA BOSMYILeHHH. 

Ilycrb OObeKT peryJIMPOBaHHA ABJIAeCTCA OOBEKTOM TepBoro MOpsAyKa, ONH- 


/CbIBACMbIM JIMHeapH30BaHHbIM udpepeHuMaJIbHbIM ypaBHeHHeM Bula 


Ty +y=f(%) 
re Y — BbIXOHad BeJIMUMHAa (BbIXON), X — BXOMHaA BeH4YHHa (BXOR) OObeEKTA 
peryiHpoBanua; J — nocTOAHHaA BpeMeHH OObEKTAa, KOTOPaA MOXKET 3aBHCeTb 


oT x u y. Byjlem paccMaTpuBaTb WaroBbli cnoco6 perymHpoBaHusa. Ilycrb B Ha- 


YyaJIbHbIM MOMeCHT NOWIepxUBaeTCA 3SHAYEHHE Xo HM COOTBETCTBYIOMLeEe EMY 3HaYe- 


| Hue y5, ONpeselasemoe ypaBHeHnem y° = f(x). Jlaqum Bxoyy x npupamenue A; 


Torja x =xX0 +A = x1. Ilocne storo HauHHaeTcA nepeXxOAHbIH Mpowece no 
3akoHy 7\y =f (x,)—y. Mbl mpegnojaraem, 4YTO B paccMaTpHBaeMOM HHTep- 


| Bane 3HayeHHi x u y BelMuuuHa T ~const. PemleHue sToro ypaBHeHua Oyler 


yy =ay(lL—e#™), rye Yy=Y—Yo, 1 =F (%1) —f (%). 
V3mMepsem y; B MoMeHTHI f= 7, u t = 27: 
Gn Say ea), the ay (1 es) 


Mobi nowryuusiu Ba ypaBHeHHA C JBYMA HeM3BeCTHBIMH ai Ww 71; pelliaa STy CH- 


CTeMy, MOXxHO HaliTn 3sHaueHuaA 7, H Q, HIM TOMbKO OMHO G1. Torna y*(x) = 


=y) + a = y;. Bro To3HaueHHe, KOTOpOrO MepeMeHHad y jocTurHeT 4epes 
OeCKOHEYHO OOOH MpoMexyTOK BpeMeHH. J.aBaxd HOBOe MpupallleHve BxXOLy 
X MW MOBTOPAA aHaJIOrHyHble H3MePeHHA, MOXKHO OMpeeJIMTb BeHYHHY Y = f(x); 
BBOAA ee Jaslee B CHrHYM-pewe mOOOro BHJa, Mbl MOJly4aeM BO3MOXKHOCTb 3Ha- 
YHTeIbHO YObICTPHTb Mpolecc OTbICKAHHA SKCTPeEMyMa, YMeHbIUMTb Mepepery- 
JIMpOBaHHA HW pbiCKaHbe. 

OTbICKaHHe BEIMYHH Gy, Qs,... MOXHO MpOBOAUTb C MOMOLMIbIO JuOOOCrO TH- 
ma CueTHO-pelliaiomlero ycTpolicTtBa. Ecam Ha KaxKJOM H3 9TallOB OTbICKMBaTb 
sHaueHHa T; H a;, TO WenecooOpasHo OpaTh B KauyecTBe ps Os 3Ha- 
YeHHit MOCTOAHHOH BpemeHu cpefHee apudmetuueckoe T;’ = (T; + Ti41)/2. 
Ecum Mpou3BoquTb usMepeHuaA He Ha 2, a Ha  3TANaX MPOMOMKUTEMbHOCTHIO 
t, TO MOMyUHTCA CHcTeMa nn ypaBHeHHli c 2 Heu3BecTHbIMH. IIpa sTOM Mo2KHO 
onpeyeiuTb T; H a; M0 cnocoOy HaMMeHbLIMX KBafpaTos. 

PaccmMoTpuM Tellepb cayuyali MOHOTOHHBIX BOsMyuleHHu. IlycTb B TeyeHHe 
HEKOTOPOrO MPOMeEXKyTKa BPe€MeHH JBHXKeHHe OMHCHIBACTCA YpaBHeHHeM. 


Ty +y =f (x) +2, 
yihil 


rye T u 6—nocrosHuble. Ilyctb B HavaJIbHbIM MOMeHT 7-ro 9Talla x = X;_4 1 
y = yi. Jlaqum Bxony x mpupamenue A. Pemenve storo ypaBHeHua OyeT 
y; = (a—bT) (1 —e-“*) + Ot, (1) 


rles@ =f (4%) — Ya, Yi =y—yo, (x)= Up: Jlapaa ¢ MOC u1eLOBaTe/IbHO 
3HayeHHaA t, 2t, 3t, NOMYUHM 
Yin = (Ye Ya — 8:T 1) (1 — e172) + bet, 
Yin = (Yi — Yi — O,T i) (1 — e**/7) + 20,7, 
Yes — (yi — Y;—, — 0;T;) (1 — e- 37/72) + 30,7. 
H3 stofi cucremb! 3 ypapHenuli c 3 HeMsBecTHBIMM ompeyensem y>, &, qT, 


(HJIM TOKO y>) M MOJCUMTBIBAaeM y, + 3tb;. Hapa Bxoyly HoBoe mpupalle-| 
Hue A, MOJyuHM aHaJOrHuHDIM cCOpas0oM HOByIO cHcTemy 3 ypaB-| 
; HeHHH. B Hel M3BeCTHBI BCe Bex 

WHUMHBI, KpoMe 9744, 0i4, WT iy -l 
Onpejeusem _ 43 3TOH CHCTeMBI! 
BeIMUMHB] Yiti> bit, MH MoAcuH-} 
TBIBACM Yira-t Stbi44- Broyum | 
ee ‘BMeCTe C BeJHUHHO!i yi +} 
+ 3tb; B curHyM-pene. B 3a-4 
BUCHMOCTH OT 3HaKa BeJIHMUMHBI| 
a= Yea — (y? +3tb;) curHyM-pewe, 
jaeT KOMaHy Ha W3MeHeHHE} 
BxXOJa B TY HIM Apyryto cropony.| 
IIpu strom, ecu a> OT, To y"< 
<0,T.e. KpHBad oOOpauleHa BBI- 
IIyKJICCTbIO BBepX, a ecu a < OT, | 
To y” > 0, T. e. KpuBaa OOpauleHa) 
BbIMYKNOCTbIO BHH3. Ecua = bT,y 
Daa TO MHTerpasIbHOU KPHBOH AABJIAT-| 

ca pamaa y =Ot. . 

PaccmMoTpuM Tenepb, Kak G6yJeT MpoMcxOguTb mMpowecc peryMpoBaHus 
(cm. pwc. 1). Ilyers a> OT, Mlocne n3menenna Bxola xX Ha A HauMHaercay 
epexOJHbI Mpouecc no ypaBHenuto (1), B KoopquHatax ¢, Yo MpeycraBsse-| 
Mbt KpHBoli J; 3fecb a,=y;—y,. Uepes npomexyTokK BpeMeHH At = 31) 
3HaueHHe y Oy TET Yos. OnncanHpii BBIIIe MPOWecc MOSBOAAeT OMPeLeUTb Ys HI 
b, M MogcuuTath BenuuMHy y2 + 3b,t. Jlaem BXo_y HOBOe npupamenve A.| 
Haunuaerca mepexOQHOH mipolecc, aBaeMbld4 KPHBOH 2, Cc ypaBHeHHeM Ys = 
= ¥ —Yoa = (Ys— You + bss) (1 et Ts) + b3t’, rye t’ = t — 3t. Onpegemsnem’ 
SHAYCHHA Ys1, Yg2 UH Y33 Yepes MpOMexXyTKH BpeMeHH tt, 2t Hu 3t. Ecau} 
T favo, TO JocTaTouHO yByXx t, H Momyyaerca cucTeMa ABYX JMHeLHEIX avre-| 
OpamueckuxX ypaBHeHHli Cc AByMA HevsBecTHHIMH. CurnyM-pese BbIpadaTpIBaer | 


% * 
3HaK BeJIMUMHbI 6 = yz; — (y+ 3tb,). [pu nannuun 3ana3qbIBaHuA B OOBeKTE} 
peryJIMpoBaHuA, ero nN-M MOpAKe WM KBalpaTH4HOM aNMpOKCMMallHH BO3MyILe- 
HHA YACJIO NpoMexyTKOB At JOJ2KHO ObITb yBemHyeHO Jo n-+ 4. | 


B cuyyae OesbineprHonHoro o6bekta (T = 0) Ha oHy MepeMeHHy!O MeHb- 
ie, M MOCTaTOYHO NOsTOMY B3ATb 2 ypaBHeHua. B pesysbrate NONYYAM: Yor=| 


= = Yo + bt, Yoo = Y> + 26t. Ham HeoOxo2HMO HaliTH pasHOcTb aes Uae Jle- 
jlaeM CJIeyIollMe npeoOpas0BaHusa: Yo — y; = USA Ge, Mine Yo, = OBN 


Bprautaa M3 NeppoH pasHocTH BTOpylo, momyuuM (Yar — Yi) = (Yo2 — Yu) =| 
= ,— y, = 8. TakuM o6pa30M, JIA onpeyeneHua § = y, — Wp HeOOXOUMC, 
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eJ[eIHTb BeJIMUMHBbI (nat) WM (Yoo — Yo:) M HalTM amreOpanyeckyio Be~ 
IMMHY (HIM 3HaK) UX pa3HOCTH. 
| Ecaum momexa HOCHT cJlyyaHHbI xapakTep (a He MMeeT BUA MOHOTOHHOrO. 
SMYWLCHHA), TO JIA BbINeJICHHA NoesHoro CurHasa, T. €. AA Onpemeenus 
paBJIeEHHA TepeMeleHHA  BBI- 
ma ¢ ccTaTOuHOH BeposaTHO- 
10, WeJlecooOpa3Ho MocTynuTb 
SKYIOMIMM OO6pa3s0M: IIpOK3BO- 
fb H3MeHeHHeE BxXOMa Ha yBe- 
HeHve, 3aTeM Ha YMeHDILeHHe 
i. ., MOBTOpaAd sTOT mpoLecc 
PIbKO pa3, CKOJIbKO TpeGyercs 
1 BbIJeJeHHA WoslesHoro cHr- 
fa c TpeOyemol TOUHOCTbIO. 
HCO MOBTOPeHHH UCibITaHH 
BHCHT OT ypCBHsA mOMex. B csy- 
> HHEPUHOHHOTO OObeKTa H Ha- 
HHA CJlyuaHHbIX MOMeX H MOHO- 
Horo = =©BOSMYIICHHA = =MOKHO 
‘THTHYTb YMeHbIICHHA pbICKaHbA, OOBEAMHAA OMNMCAaHHbIe BbIUe MPHeMbr 
ICKaHHA MCTHHHOrO 3HaveHHA BbIXOJHOH BeJIMYMHbI M yyeTa MOHOTOHHO- 
BC3MYIIEHHA C NOBTOPeHveM WHKJia 3HAKOMePeMeHHBIX CMeLLEHHH BxOSA. 
Ha puc. 2 npuBeyena cxema ycrpolicrTBa, JelicrByrollero 10 yKa3aHHOMy MpH- 
TY, LIA CYGaA MaJIOMHEpUMOHHCYO OObeKTA (KOF a MOXKHO CUNTATb a> LT). 
2Cb 5A — IleTKa, MepHoOAMueCKH CBASbIBAeCMAA C H3MEPHTEJIbHbIM YCTPOLCTBOM Hi 
: W3MepsloWad MpupalleHue BbIXOJa y UAH 
lipHpamjenve ero MHTerpadia NO BpeMeHy; Jia-- 
Hareeparop MCJIbHbIM JHCK 5 CBA3AH _C MOTOPOM OTpaboTKH 
Vain 3allOMHHaHHA, BK JIOUAeMBIM KJIIOUOM 4. YcTaB-. 
xl peeynaropa = KA PeryATOPa BKMOYAeTCA HIM BEIKMOUAeTCA 
pyOusIbHuKOM J, CBA3AHHbIM KHHeMaTHYeCKH 


\ 
\ 
—Yonorur] : ie Obrekm Cc pyOusbHHKOM 2. HanpaBjeHnve BpallleHua 
XS 
Ni 
S 


' 


\ ES WMHTerpHpyroulero MoTOpa 9, BksIOYaeMOrO. 
KJIOUOM 3, 3aBHCHT OT MOJIOKeHHA pyOnJIb- 
\ HUKOB 2 H 7, BKJIIOUCHHBIX TCCJeOBaTeJIb- 
$a HO, IIpHueM novloxweHue pyOnJIbHuKa 7 omnpe- 
JIe@NIHeTCA AKOPeM 3JIeKTpoMarHHta 8, BKJIIO-~ 
yaemoro, kKorfla WerKa J@ HaxoOjMTCA Ha 
JlaMesm ye. Cmemenne Bxoga /0 mpcon3Bo- 
JMTCA pH oTpaOorKe werku 6. HeoOxozumpli 
TOpAOK BKJIOUCHHA OTCJIbHbIX 9JIEMCHTOB. 
CXeEMbI ONpPeMesIAeTCA CMeWMaJIbHBIM KYyJIAdKO- 
BbIM YCTPOHCTBOM, He I10Ka3aHHbIM Ha YyepTexe. 
PaccMoTpHM jpyroH BapvaHT Cxembi (cM. 
puc. 3). Penepatop mponsBoquT mepHoyuyeckoe- 
W3MeHeHHe, HallpuMep, AaBsieHua Bxowqa AxB 
TeYeHHe /UMKJIOB (HalpHMep, KyJIa4uKOM C BbI- 
crynamu). STH KOJeOaHHA mepHoya At mosa- 
if HenOcpeCTBeEHHO Ha BXOJ| B OOBeEKT peryJIHPOBaHHA M C 3afeprxKKOl (Be- 
: 


WHa KOTOPOH onpesesiseTcA CBOLCTBaMH OObeKTa) Ha YMHOXKuTeb. B ator 
JOMKUTeENb NOMaoTcd TakxKe KOeOaHNA aBseHua BpIxofa Ay,. Bpixoqnaa 
unHa Ax Ay U3 YMHOXKUTeIA BBOAMTCA B MHTerpaTop, OMpefeJAIouMH 3a 
nAt 

Ma n WHKJOB BeluunHy Az = \ Ax Aydt. 3Hak (af YACNeHHOe 3HayeHve) 


0 

jonpejeaer HanpaBsienve (H B cilyyae HeoOxo_uMocTH — BeMUMHy) CMe~ 
lust ycTaBKH Bxofa x OObeKTa peryJIMpOBaHHA; STO CMeILeHHe MPOK3BO- 
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WMTCA BBICTYNOM KylauKa loce oTpa6oTKH 1 WHKJIOB KOseOaHHA BXOfa . 
Tlocue orpa6orKH ycTaBKU peryJinTopa MHTerpaTop cOpacbiBaeTcA C TOM 
UBIO BLICTYMa Ha KyJlauke Ha HYJlb, B YMHOXKUTEIb NOsaloTcA KoOseOaHHA BI 
XOJla y, OTCUMTbIBAeMble OT HOBOTO CpeyHero ypOBHA, HM CHOBa B TeveHHe 
IK IOB MpOH3BOANTCA OMpeeneHve BeMUMHbI H 3HaKa uHTerpana Az, 
2nAt s 
= \ Ax,Ay,dt. JJanee CHOBa IpOv3BOAUTCA CMellleHHe YCTaBKH H T. J. K 
nAt 
JIHUeCTBO ILMKJIOB fl MOXKeT W3MCHATbCA B 3aBHCHMOCTH OT YPpOBHHA TMOMex. 
Moryr mpeqctaBuTbes culyyan, Kora NOMexXH HMeIOT BU He OenOrO Wy) 
a B HUX MOYePKHYTHI COCTABJIAIOULMe C HeEKOTOPHIMH ONpeeJeHHbIMH YaC 
tamu. Ja yMeHbINeHHA ONaCHOCTH COBMaeHHA OMHOM H3 STHX YAaCTOT C ac 
TOH MOMLYJMpPYIOWWMX KOMeOaHHli MOXKET OKasaTbCA WesecooOpasHbIM Cedi 
yacTOTY MOLYAMPYIOWUX KONeOaHHli B TeYeHHe 1 WHKJIOB NepeMeHHOH; TIpu 91 
copnaeHue (6IM30CTb) YacTOT B HeO/JIarONpHATHOM culyyae OyeT HaOIOLaT) 
JIMWIb B TeYeHHE KOPOTKOFO MpoMexkyTKa BpeMeHH. YKa3aHHbIii cnocoO O 
XKeTCA MOJC3HbIM TaKXKE B TeX Cy4adX, Kora CHCTeMa peryJIMpOBaHHA U 
COOCTBEHHbI€ YaCTOTbI H NMOABACTCH ONAaCHOCTb NoMaqaHHA MOYJIMpPYtolk 
KolIeOaHHH B pe3soHaHc c HuMH. [IpH HeEOOXOAHMMOCTH BeCTH SKCTPeMAaJIbHOE ¢ 
ryJIMpoBaHHe OOBeEKTA N10 HECKOJIBKHM TlapaMeTpaM OJHOBPe€MeHHO MOXKHO | 
MOJIb30BaTb OMMH HM TOT Ke (MIM ONM3KHH) UHTepBasl MOAYMMPyIOUNX wac} 
(ecJId OH JOCTATOUHO WIMpOK), ead pa3sJIMUHbIMH VIA pa3HbIX MapaMerTy 
3aKOHbI H3MCHCHMA YACTOTHI B Kako Tpymne U3 Nn WHKNOB (NOAOOHHIN mpy 
BOSMOXKeH MH MpH n = 1). 
SHauHTeIbHOrO YBeJIMYCHHA YCTOMUMBOCTH peryJIMPOBaHHA MOXKHO JOC 
HYTb, €CJIM BbIKJIOUATb MOHCK MO JOCTHKCHHU 9KCTPeEMyMa HM BKJIIOUATb B S 
MOME€HT YCTPOHCTBO, KOTOpOe MOX%KHO Ha3BaTb «cTeperylHmM». Creperyl 
ycTpolicTBo O6yjeT BKJIOUATb MOHCK, eCJIM BbIXO yasineTca OT 9KCTPeEMyMAa 
3ajJaHHylo BesMuMHYy. BprksmoueHve HelpepbIBHbIX KOJIeCOaHHH MpOH3BOLHTCA, 
JH Mocwie N WHKJIOB cMelleHHe Az BbIXOJa MHTerpaTopa OKa3biBaeTcs Je 
IMM B lpefelaX 30HbI HEYYBCTBUTeJIbHOCTH pHOopa. Creperyulee ycrponc 
BBINOJIHCHO CJIEYIOULMM OOpa30M: B MOMEHT fy BbIKJIOUCHHA KONIeOaHHH UW 
rparop cOpacbiBpaeTcad Ha HYJlb, a Ha OHH H3 BXOJOB YMHOXUTeA BM 
KoeOaHuih Ax wnosaeTcd mocrosHHoe 3HaueHHe Ax =C, ypoBeHb KOTOf{ 
ONpeseAeTCA 3OHOM HEYYBCTBHTeJIbHOCTH CTeperyuiHX KOHTaKTOB. Ha Apy 
BXO YMHOXKUTeIA NOkaerca Wpupawlenve BbIxoma Ay = y(t) — Yep (t). BE 
qallad M3 YMHOKUTeIA BesmunHa CAy mogaercd B MHTerpaTop WH MHTe 
pyeTcad B TeyeHve OlpeeJeHHOro NpoMexkyTKa BpeMeHH (HanpuMep nAr). EF 
ttnArt 
BbIXO, HHTerpatopa Az = \ CAydt oka3bIBaeTCH MeHbIUe MOJIOBHHbI < 
zt; if 
He€YYBCTBUTeCJIbHOCTH, TO BKJIOUCHHA MO/YJIMPYIOWIMX KOJeOaHH He por 
MMTCH, a MHTerpaTop cOpacbiBaeTCA Ha HYJIb MH CHOBa HHTerpupyeT B Teuzi 
Bpemenu At H T. J. WO TeX Top, NoKa OvepeqHOe MpupamjeHue Az He Ff 
WeT 3a Npeebl SOHbI HeYYBCTBHTeJIbHOCTH (HIM B O6e CTOPOHbI HJM TO} 


B CTOPOHY yObIBaHHA OT SKCTpeMyMa); TOra SKCTPeMaJIbHbIM perysATOp BIE 
yaeTcaA B paOory. 


UMTHPOBAHHAA JIMTEPATYPA 


B. Kasakepu4, O6 akcTpeMadbHoM peryauposnun, JIucceprauua, MBTY,— 

; KazakeBuy4, COopu. ABToMaTHY¥ecKoe yiipaBeHHe HM BLIYHCIUTeIbHad TeXf) 
958. %IL3 aH Cwos-ceub, Texuuueckan Ku6epHetuka, WJ], 1956. * A. A. De 
Jlokaay Ha Koupepenuum AH CCCP no ynckpetHsim cuctemam, M., 
edgeneti, Jet Propulsion, Ne 6 (1956) ®G. Vasu, Trans. ASMH@ 


Joruagp Akanwemuu nayxr CCCP 
1959. Tom 126, Ne 3 


PHIPOMEXAHHKA 


B. H. )KHIYJIEB 


O ABJIEHHM MATHUTHOLO «OT)KATHSA» MOTOKA 
NPOBOAAMIEM CPEbI 


(I]pedcmaenexo axademuxom JI. H. Cedoseim 6 IT 1959) 


| PaccmatpuBaetca oOTeKaHHe TeJI, HMeEIOWIMX COOCTBEHHOe MarHHUTHOe Moe, 
pTOKOM MpoBossuyero rasa. Ciyyai oOTekaHHa Tela cpemol c 6ecKoHeyHO! 
)OBOJUMOCTHIO Obl BHepBbIe paccmoTpeH A. I. KyuKkoscKum (1)*. B qannoit 
Oore JaeTCA OOOCHOBaHHe, MOCTaHOBKa MH MeTO, peleHHA DIA mocKoro cay- 
pA Balad, CBASAHHBIX C ABJICHHEM «OTKATHA» MOTOKA MPOBOAAWeH cpeqb mpH 
JIbIUMX MAPHUTHbIX yncax PeliHoubyca. PasoOpaH npumep oOTekaHHa JHHeH- 
TO TOKa rHMep3BYKOBbIM HOTOKOM Ta3a. 

§ 1. Paccmorpum o6TekaHHe Tesla, KOTOpOe HeceT COOCTBEHHOe MarHHTHOe 
ole, OOpa3s0BaHHoe, HaMpHMep, NPOTeKaIOMIHMU B Tee SICKTPHYCCKUMU TOKa- 
H, MOTOKOM MpoBOfAlero ra3a Cc OOJIbINMM MarHHTHbIM uncJIOM PetHoubyaca 
RE) m- 

Kak Ob1I0 NOKa3aHo B paOorTe (”), B OKP€CTHOCTH NOBEPXHOCTH TeJla BO3HH- 
heT MarHUTHbIM NOrpawHyHbili col, TowWMHa KOTOporo nopsyzKa L/V Rem 
— XapakTepHaA WiMHa); MomepeK Hero, BepHO COOTHOLIeEHHE 


FH 
p+ 3- = const {(1) 


| —lapsenue B rase; H — HampsxKeHHOCTb MarHHTHOrO NOVI). 

| TaK Kak B ra3€ HEBOSMOXKHO OTPHUAaTeIbHOe aBJIEHHe, TO IPH MOCTaTOUHO 
IbINMX TOKAX B Tele NOTOK raga B Cusy ycuoBusa (1) 6yzeT «orKaT» OT Hero 
aTHUTHBIM IOJIEM, H B MPHHIMMe BOSMOXKHO CTalMOHapHoe COCTOAHHE, rye n0- 
bk rasa oOOTeKaeT ITyCTOe MPOCTPaHCTBO, B KOTOPOM HaXOJHTCA MarHHTHOE Towle. 
}POCTPaHCTBO pa3fela ABJIACTCA MarHHTHbIM MOPpaHHUHbIM CJIOeM, H MOSTOMY 
jem IIpOTeKaloT IJIEKTPHYeCKHe TOKH. 

|B cayuae OombuuxX MarHHTHbIX H OObIUHEIX 4nCe PelHombACa XOpOIMM 
DMOJIM2KEHHEM ABJIACTCA, MO-BHJMMOMY, CJleyiollait MOJeb: UfeabHBIM ras 
pTeKaeT HeKOe IYCTO€ MpOCTpaHCTBO, B KOTOPOM 3aKJIIOY€HO MarHUTHOe Tose; 
WBEPXHOCTb pa3sfea S aABAeTCA C OHO CTOPOHbI NOBEPXHOCTHIO TOKa, C py- 
Hii TIOBEPXHOCTHIO, BAOMb KOTOPOM TeueT IJICKTPHYCCKMH TOK. 

Becuay ycnopua (1) Bomb moBepXHOCTH pa3jela MarHHTHOe JaBJeHHe 
*/8x ypaBHOBelIeHO TasOqMHaMU4eCKUM aBJeHHeM p (yCOBHe A). 

'BuytpH wycroro mpoctpaHcTrBa moe NOo,YHHAeTCA ypaBHeHHAM 


divH=0, rotH=0O. As?) 


| Oco6nmmu”B Nose ABIAIOTCA 3aaHHble JIMHHMH 9JIeKTPHYeCKHX TOKOB UM M0- 
tpxHocTh S (ycsopue B). 

. Bue S MarHuTHOe nose OTCyTCTBYeT, H TaM CIpaBe(VIMBbl ypaBHeHHA OObIY- 
iH rasOMHaMHKH; TaK KaK HCTOUHHKOB MarHUTHOFO NOJA HE CyilecTByeT, TO 
ppMasbHasn coctaBistoulan H wa S papna Hyvio (ycoBue C); 


\ 


* CnemyeT OTMeTHTb, 4TO OOIad acTb padoTH (') HecMpaBeqIMBa, Tak Kak ypaBHeHHA 


H (1) pa6ortsr (1), BooOuje TOBOpA, HECOBMECTHEI. 
, 
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Pemenne ypaBuennii (2) mpu duKcupoBaHHoM Tpanuye SH yCNOBMAX (I 
u (C) eHHCTBeHHO; TosTOMy yculoBue (A) ABJAeTCH YCJIOBHEM, ONPeeJAIOUIK 
rpanuuy S. ) 

§ 2. Tloqpo6Hee paccMoTpuM mvlockylo 3aqayy, T. €. 3ayavy oOTeKkaHy 
CHCTeMbI apaJVIeJIbHbIX JIMHeHHBIX TOKOB NOTOKOM [asa CO CKOPOCTbIO EF 
6eCKOHEYHOCTH, NHepleHAMKYJAPHOM HalpaBJIeHH!IO 3afJaHHbIX TOKOB. B o6ue 
culyyae pacnpeyeenne aBsieHiA BAONb S ABJACTCH HEKOTOPBIM HHTerpo-7H¢ 
cbepeHUHaJbHBIM OLlepaTOpOM OT ypaBHeHWA JIMHMH SY = U(x), T. (Cam 
= A[x, y(x)]. B cumy HeBosMOxKHOCTH MCTOUHHKOB MarHATHOrO NOJIA JIMHHA 
WOsDKHa ObiITb CMnOBO MarnuTHo smuHneli. Ilycrb ananuTuueckaad yHKIh 
z=z(¢) ocymlecrBuser kontpopMHoe TipeoOpas0BaHve BHYTPeCHHOCTH S B ns 
CKOCTH Z2=X>P iy “Ha BHYTPeHHOCTb Kpyra eMHMUHOrO = palHyc 
B wwlockocrh €=£&+iyn. Tak Kak Ha OCHOBaHHH ypaBHeHHu (2) cyHi 


Puc. 1 Puc. 2 


wus H=H,-+iHy apaserca aHasMTMyeckoi byHkunei z BHyTpH S, TO CyMeCTB) 
er uuTerpan y (2) = J H (2) dz, spnstomniica TakxKe aHanuTuyeckon tbyHKuned } 
BHyTpu S. 
(>) — a2) / a 
Loria (2) de | de? 


neHua moma H(z) gocrarouHo HalitH cbyHKuHIo y(C), ompesxemsemylo U3 3: 
JaHHOH CHcTeMbI OCOGeHHOCTeH (KOTOpble pacnoOJlaraloTca B COOTBETCTBYIOUIY| 
TOUKaX eJMHMYHOrO Kpyra mmockocTH €) uM Toro ycJIOBHA, 4TO eMHHUHb 
Kpyr ABAeTCH MAarHHTHOM CHOBOH mHHMeH. YcuoBHe paBeHCTBa ByoMb S ry 
30/MHaMM4eCKOrO HM MarHHTHOTO JaBJIeHHA TylacuT 


At pop aha. ee 


dt| 8 | at 


M Ip (uKcHpoBaHHOM KoHType S quia Haxor 


2 


; (| 


Ycuiopve (3) MOXKHO pacCMaTPpHBaTb KaK KpaeBoe yCJOBHe JIA onpeweneHl} 
aHaJIMTMuecKOH (byHKuHH 2(€) BHYTpH efMHHUHOrO Kpyra MsiocKocTu ¢. Sagat 
olpeyesenua z(C) aABsIAeTCH WeHTpasbHOM B pa3sOHpaeMoM ABJIeHHH. i 

PaccCMOTpuM, MOJIb3yACb H3JIOXKCHHBIM MeTOZOM, MOfpoOHee cueAyrouLy li 
gayauy: lycTb OOTeKaeTCaA OHH JMTeMHbI TOK culo J NOTOKOM NpoBoAuy 
cpegbl c 6obMM uncom Maxa (cxemMa nloroKa u300paxKeHa Ha puc. If 
JlaBienne Byomb S B 9TOM CyYae C XOpOLIMM NpH6mMKeHHeM onMcbIBaeTs 
MOAMPUUApoBaHHOK dopmywon Hbtorona 


p = p,sin® 9; (f 
Pp, — MaBsleHve TOpMoxeHHA 3a yAapHoli BomHo L B Touxe A. Ilycrp yHe 


WHA 2(C) ocyllecTBaeT Takoe lpecOpa3s0BaHve, Mp KOTOPpOM Hayao Kook 
MMHaT NJIOCKOCTH Zz (cM. puc. 1) mMepexoquT B WeHTp Kpyra B NsocKOcTH 
ABJAIOULMUCH Tak%Ke HayaJiIoM KoOpyuHaT. Torga 


21 : 
¢€—ckKopocTb cBeta. Ycopve (3) NpHHuMaeT BUT 


2 [2 
=, g= 


sin? | oe sakes 
ag 2nc*p, 
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Vnterpupys ycsosue (6), nosyuuM 


y=Va(r—9), p=arcigz. (7) 


Takum o6pa30M, MHHMas 4acTb ucKoMoi dbynkuuu z(C) Ha Kpyre 3ajjaHa; 
MENOBATEMbHO, MHTerpasl IIIpapua faer pewenve saqaun. HenocpegcrBenno 
<OHTyp S MOKHO HaliTH ellie Mpomle, MOML3yAcb Tem, uTO cbyHKuMH x(E; 7) 
y(€; ) ABJIMIOTCA CONpPAKeHHBIMA rapMOHHYeCKHMA ynkunan, Vimenuo, Ha 


con __ & 

cHoBaHuu (7) Ha Kpyre y=2Va > ane , Tora x = 2V a > oe , HIM, 
n=1° n=] 

ryMMHpya ocweqHul pag (cM. (*), crp. na viMeeM 


x=Va et cay yi aes (8) 

ckI0uad ~ 43 ypaBHeHHi (7) u (8), MomyaHM ucKOMOe ypaBHeHHe KoHTypa S 
MEUM, | 

Viger nes ( pales 1) : (9) 


OTOPbI IpuBpeyeH Ha puc. 2. Ha ToK yelicrByer cua COMpOTHBeHHA TO- 
OHHOH uHTeHcuBHocTDIO X = nV ap’. 


CnefyeT OTMeTHTb, YTO pa3scOpaHHblii IpuMep yKa3blBaeT Ha BO3MO?KHOCTS 
fOJHOH W30NANMM Tesla OT OOTeKalollero ero NOTOKa T1la3Mbl. 


Ulentpaibublii aspo-rHZpoqMHamMuuecKuil MHCTHTYT Tloctynuso 
um. H. E. )Kykopckoro 10 XII 1958 


IMTMPOBAHHAA JIMTEPATYPA 


1A. T. Kynauxosexuih, JAH, 117, Ne 2 (1957). SIG Ba CVSS Ween © Be 
AH, 124, Ne 5 (1959). 3VW. M. Pox uk, TaOamup wHTerpatos, CyMM, pifoB MH Mpo- 
Bejenuu, 1948. 
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Jloxnann A ragemun nayKx CCCP, 
1959. Tom 126, N 3 


THIIPOMEXAHHKA 


M. HW. KMCEJIEB 


K PACUETY YJAPHbIX BOJIH B MATHUTHOM PHAPOAMHAMHKE 
(ITpedcmaenen axkademuxom H. H. Boet wb6oeem 13°II 1959) 


Pacuer mapaMeTpoB MarHMTOrHApOAMHaMHyeCKHX YJapHbIX BOJIH B HjleaJib- 
HOM ra3e Cc H39HTponol p = Ap* BcTpeTHJ BLIUMCIMTeIbHbIC TPYMHOCTH, TAK Kak 
NpuBesl K alreOpav4ecKMM ypaBHeHHAM TpeTbeli cTemeHH H Bbllle (*,”). B HacTos- 
wleli 3AMeTKe MOKa3bIBaeTCHA,' YTO BLIVHCJICEHHA BCera MOXKHO YMPOCTHTb, NOHH:) 
3MB CTeleHb ypaBHeHHA Ha eMHMILy. | 

Tak, rpaHH4uHble ycnoBuA Ha (PpoHTe NepMeHAMKYAPHOH MarHuTorHAposA | 
HaMMyecKkoH yiapHow BowHbI (7) MpHBOAAT K *KyOu4eCKUM YPaBHeEHHAM JIA BB} 
YMCJICHHA MapaMeTpoB cpefbl 3a (pOHTOM. OAHakO UX MOXKHO CBeCTH K KBa} 
PaTHbIM, TaK Kak CHCTeMa H3 paHH4HbIX yYpaBHeHHH COJepXKUT B KayecTBe TPH} 
BHAaJIbHbIX PelUeHHH BCe BEJIMUMHbI C HHAeKCOM1 H OAMHKOpPeHbKYOuYeCKOrO ypaB} 
HeHHA BCerla 3aBeOMO u3BecTeH (HHJeKc | OTHOCHTCA K MapaMeTpaM Cpesbl AC 
dpoxta, 2—nocae dpouta). . 

Tlocme} nNoHwKeHHA cTeneHH ypaBHeHHA MomyyaioTcA cyuleqyroulMe pesysb} 


TAaTbl: 
a “5 puev? 1] 
fla = ef hal le 
{ly = rea eee 7 | 
1M 
Gu pr k+4 op WV? \'h 
comes ci) ( 
tM . 
a2 2 See nae 
ee bore of pea\) leet 2 ehunuele 
aD: ( ) radar aaa Pare 
1M 
aT. J. 


Slecb U—CKOPOCTh Cpefbl B CHCTeMe KOOPAMHaT, rye ppouT noKouTcs} 
p—muornocrs; h= H/ V4n—maraarase mone; V=H/V4np; ay = (c2-) 
k ‘a & | 

sb pais i vy) —Tapamerp, xapakTepH3yo ud Mp 3aqaH4oM uw, MHTeHCHBHOCT 
MarHUTOrHApORMHaMHYeCKHX YapHbIX BOJIH. 
Ileppoe Bpipaxkenue cucremst (I) sBaaeTca MmarHuToruqpoquMamuMyeckH 
aHaJIOrOM M3BeCTHOrTO B OObIYHOM THAponuMaMuKke coorHoulenua IIpanyral 
2 2c? + (kR—1)u2 \Ye 7 

Wy, = Cix, THE ct = (= S") — KpHTMyecKad CKOpOcTb 3ByKa. | 
Bce PopMyJbI MOxKHO MpescTaBuTb B 3aBMcHMOcTH oT yMcen Maxa: M, =) 
=u/ce, My=u/V. 
Eciu mpeoOpasoBaTb ypaBHeHHe yapHoit ayuaGaTol (3) ¢ mMomMomDh 
YCNOBHA U,h, = Veh K BUY | 


é r: 1 (p2— pi) (Ys — 02) — (Den) ae oe U,)+ 2=k (01 — U2) hiwy _| 
2 1—(%—v2) | 
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ihe BOCHOJIB3OBaTbCA OCTABINMMUCA I paHHuHbIMH yCJIOBHAMH; B copme 


(ps —"pi)i/ (21 — Us) = pyul}; (2) 
! (D3 = pi) (Ui{— Ve) = (Ug — Uy)", (3) 
' noJlyYuM 
erm k 3 5 meme Ge ® 
[P2— Py = & = 1 { + uy — kpis— ((- ue ui, — kpies) — 
— uh(k?-+ 1) (Qui — 2kpjv, — (2 — k) hiv,) |is}, 
oo ee [A+B PP [fees fim? 

kp3o1 h 71 ‘le 

— eH) (2-27 @—9 52), (u) 


4. k+3 * \2 * 
Us buy = aan lla uy =. pier) a ur(k + 1)(2uj— 2kpvy — 
ae Y Bess ~ 
tri) nio,)| ra “ ui + hpi}, 


rye p’ = p-+h?/2—ruyzpomarnutuoe JaBsenue, v = | /p — yrenbubiit oem. 
IIpu h-—>0 cuctempi (1) u (II) gator pesymbraTb! oOpmHOM ruyposxMHamu- 
KH, C pOcTOM NOJIA CKauKH yObIBaloT. 

| Ecnm w3BecTHO TepMOJHHaMMYeCKOe COCTOAHMe cpebl 20 dpoHTa HM CKO- 
| pocTH B sJla6opaTOopHO cHcTeMe KOOPpAHHaT MO Oe cTOpOHbI pouTa, TO CKO-+ 
| pocTb pacnpeyeneHun dponta D Haxo_uTca u3 ypaBHeHuA 


2D8 + D? [k (u, — us) — 3 (uy + ue)] + D[ (uy + ue)? 4+ 2u,u, — (4) 
— k (uj— us) — chm] — (k +{1) ug [us— Atutls / uy — (2 —k)Vi/(k + 1)] = 0; 


|3lecb Cy =(cy + Vj) 2 —ruypomarHuTHaA CKOpocTb 3ByKa. 

TlomyueHHble BbIINe COOTHOUICHHA NO3BOAAIOT JerKO pelliMTb saqayy 06 
| orpaxkenun nepleHLUuk yJAp HOH MarHUTOrMApowMHaMuyecKkoH yapHOH BOVJIHbI 
| oT a6comIOTHO TBepJOH CTeEHKH HW 3HaYMTeJIbHO yMpollarwr pacueT pacmaya mpo- 
| H3BOJIbHOrO OJHOMepHOorO MWIocKoro pa3pbiBa. OTH 3aauH MpelcTaBAOT 
MHTepec IIpH THA posMHaMMyecKOM paccMoTpeHHH NepBoli cTaqHH CTOJIKHOBeHHA 
| Wla3MeHHbIX cTpy Mpyr ¢ Apyrom usu Cc TBEPAOH MHIICHBIO. 

| Jina HaKJIOHHOM MarHuTOrHAposMHaMHyeECKOH yapHOH BOJHBI, Kora nose 
| Ota (poHTy HM MepneHAMKyJApPHO MWIOCKOCTH JBHXKeHUA, rpanuy- 
| HBIe YCIOBHA CBOAATCA K BUY, aHasOrMyHOMy BUAy AA MepneHIMKyJIA pHOK 
| | marnntoruapoaunammueckoit yapHol BOJIHBI, Cc LOOaBeHHeM K HUM YCJIOBMA He- 
Ppa3pbIBHOCTH MapaJjlembHOH PpoHTy KOoMMOHeHTHI CKOpocTu. Bce cooTHOMleHHA 
| cuctempl (1) u (11) MoxHo IIPHMeHHTb HM Kk STOMY CJyualo. Kpome Toro, 3}ecb ylaet- 
| CAH MOMYYNTh ypaBHeHHe yJapHOH MOJIAPbI B MePCMCHHBIX Upy, Uny? 


2 2 2 VY, 
(U3, si Usy ot Bh 2 Uy, ) 


Carr 2 5 
oa Eg ed SE i IER, —- (Ux — Usy ae UyU2x) (R + 1) uy (1 as Uy)? 


2 2 ja 
Us, + Ugy + Uy 2U Us, 


(k—1) 02 (u, — u,)° Ppl RTE 
Gi Sei * ANBKEY IS. og eee 0), 5 
x (2+ Bet Ugy + uy — 2H, ox ic ais ae a 


Ha puc. | ano cemeiicrso yZapHbix nomap. H3 Hero BUAHO, YTO yrOA HaK- 
Jona (ppoHTa yAapHo BOJHbI p yBeNMUMBaeTCA, a YOM MOBOpoTa MOTOKAa YX 
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“shale 


yMeHbllaeTch C pocTOM MouA, MpH STOM YapHad NOMApa CTATMBaeTCH 
B TOUKY. 

Ecau MarHuTHoe Movie HallpaBsIeHO MpOH3BOJIbHO MO OTHOLIeHHIO K poHTy, 
MOMO0poM CHCTeMbl KOOPAMHAaT MOXKHO NepeHTH K CJyyalo MIOCKOrO TedeHHA, | 
rye Mole HM CKOpOCcTb JexKaT B OMHOM MIocKOcTH Mo OGe cTopoHb! dpouta (4). 


Puc. 4 


(pannuuble ycoBuA AA MarHUTOrHApowMHaMuyecKOH yAapHOH BOJIHbI TaKOPO | 
tuna (2) JomycKatoT cBeleHve ypaBHeHuli YeTBepTOH CTemeHH K KYOHUeCKHM. | 
Tak, JJId KOMMOHeHTHI 3a PpOHTOM fy, Mouyuaerca . 


2 


4 A us 2 2 
Hy thu] 12 —t)(1— Fe) [iy bo (1a) Wis mae + 1 hay = 


ie Vet 
ae | 
2 1x i 
a tae (1— “ )= (6) | 
\ ix 
rye 
oh + (kA) u2 + AV? Hy, 
dhe Jr rane alee eo 


Pemenua KyOvyeCKHX ypaBHeHHH saTaOymMpoBaHbl B WMpoKUXx mpesesax | 
3HaueHHH KoSpdpHuUNeHTOB (°). 
Hakouel, B MpocrpaHcTBe nepemeHHpIxX u, V?, c? MOX%KHO aTb reomerpm- | 
yeCKy!O HHTepmperallvio THApOMarHuTHOTO yapHoro Nepexoga aa Mso0cKoro | 
ofHOMepHoro calyyaa: Touka M, c KoopyuHatamn (u,, Vi, cz) cKayKom nepe- 
xomut BtTouKy M, (ue, V3, Cz) (cM. puc. 2), 


Cas | ges e WVA\ se | 
ae dltaa coer! | 


Sue 


9 ¢ 9 2 
a= (Vi—Vi4 n=" \e-)+e (8) }) 


/ 


] 


(u. cM. cuctemy (I)). 


Takum 06 % 2 2 2 2 
eocey M peeoNe ogres COCTOAHM Teper (bpontom (u? > V2-+c?, V? >0, 
c* > 0) mpeodpasyetca B OONaCTh COCTOAHMH Mocne dpouta Mexjly ToBepx- ff 


2 
Hocrama u2?=c?+V? (nopepxuoctp J), 2(Vi—V2)+w—u2 te 2c, ae 
k—1 f 
(nosepxHoctb JI). lTlosepxnocru w*=c?+V? coorgercrsyer toxKyect-} 
BeHHoOe MpeoOpasoBanve (Touku M, u M, copmagaior), T. e. cnadpie pasppll 
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jbl PACIIPOCTpaHAIOTCH CO CKOPOCTbIO aByKa Cy. IIpu V =O nomyuatores pe- 
VabraTsl OOpiuHOH ruqpoqunamuKy (°). 

Tlogo6upie ynpoujenua pH pacuere yyapHbIX BOJIH BO3MOKHBI B IIpHHILH- 
Bceryja, KOra B rpaHH4Hble yCIOBHA Ha (pOHTe BBOASTCH JONOMHUTeIb- 
Ie WIeHbI, XapakTepH3yloulve, HallpHMep, H3slyyeHHe, elicTBHe KOCMMYeCKHX 
jyue UT. OQ. 

| B s3aksouenve MpHHouly OmarogapHocTb mpod. K. II. Cramoxosuyuy 3a 
jOcyKeHHe BoMpoca M WeHHbIe yKasanua, a Take I’. C. Tonuupiny 3a mpo- 
OTp PYKONHCH, NoesHble FUCKYCCHM HM COBETHI. 


Mockosckui rocyJapcTBeHHbli yHuBepcuter Tloctynui0 
um. M. B. Jlomoyocosa 10 II 1959 


UMTMPOBAHHAH JIMTEPATYPA 


kee oti mann, FE. 1 eri er, Phys: Revs S0) 692) (1950)s sty le biresltinens 
istrophys. J., 117, 177 (1953). * A. C. Kanaan, Mex3pe3qHaa ra3soqunamuka, M., 1958. 
G. WH. CuposatcKkuit, KSTO, 35, bs. 6 (12), 1467 (1958). & B. M. ilymar- 
Kul, TaOmHubl 2Iae pelieHut KyOuueckHx ypaBHeHHi metogom ocnos, M.—JI., 1950, 
JI. MW. Cexzorn, Merogst noqo6ua uw pa3sMepHocTH B MexaHuke, M., 1957. 
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Jlonnann AkaweMHUM HayK CCcCcP 
1959. Tom 126, Ni 3 


H. H. KOUHHA 


TOUHDIE PEWIEHHA YPABHEHMM JIBA)KEHHM MATHHTHOM 
PHIPOXHVHAMHKH, NPEEJIbBHbIX K ABTOMOJEJIBHbIM 


(IIpedcmaeneno axademuxom JI. H. Cedoevim 13 II 1959) 


PaccMOTpuM OJHOMepHble HeYCTAHOBUBLIMECA ABHXKCHHA HLeaIbHOrO SIeKTF) 
MpoBoyHoro rasa . 


de dpu (v—1) ev _ 
ae k ap ens 
ov ov Alito 2, 
ar tet on +— [55 (p+ het he) +> ho| = 0, 


Op Op du a) 
ook + p[ 52+ (v2 ]=0, 


Z z ou fu 
ae ae one ahe| So + Oe iy ae 
Oh, Oh, dv 
GE abee ap hae ap aU 
3yecb o603Ha4eHO 
H2 H? 
ay ee aes ieee 
hz 8x’ he 8x ° 


B cnyuae WHIMHApHyeckoH cumMeTpuu (v = 2) MarHHTHble CHJIOBbIe JHEP 
HMeIoT (POPMY BHHTOBbIX JIMHHH, H, — cocTaBJAlollad Hall ps2KeHHOCTH MarHuTH(| 
Nova MO OCH CuMMeTpuH, H,—vrTpancBepcaJbHad COCTaBMAIONad; B CJ" 
TlocKOH CHMMeTpuH (v=1) B ypaBHeHuax (1) caeqyer nonoKUTD hy = 
~ —loKasaTeJlb aMadarThl. 

JI. Wi. Ceqopbim Halifen Buy pelleHHi ypaBHeHHli OHOMepHbIX Heycra| 
BHBIUMXCA J[BYKEHHH Ta3a, IMpeeJIbHbIX K A@BTOMOJEJIbHBIM, B OTCYTCT: 
MarHUTHEIX CHJI MH MOJYYeHbI COOTBETCTBYIOUIMe MHTerpayibl (*). Hexoroy} 
TOUHbIE PellCHHA STHX YPaBHEHHH HaMJeHbl ABTOPOM MaHHOl cTaTbH (?). 

B HACTOALLEH CTATbE MpOUsBORUTCA OOOOMMeHHe STHX Pe3yJIbTaTOB Ha cay’ 
MarHHTHOH PHAposMHaMuKH. 

OyHomepHble aBTOMOJeJIbHbIe [BH2KeHHA Ta3a B MarHUTHOM Mose fj 
peu B. II. Kopo6ettukopn (°). 

WM HaJIMUHH MarHHTHbIX CHJI cHcTema (1) u 
nea ae ae JI. UW. Cexosp (2): C0 ee eae 


To a 
U= t V( ), p r (A), pie (A), 


me a v 
he= ia jst2 He (\), A= sect 6 
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ee a = r ey "a 
; a a r 
he = pace O'2 0), fine ses sc eee ACO aol rE 


To 


Syecbh a, fo, t, R WH S—HEKOTOPbIe KOHCTAaHTHI, pHyuem [a] = SVE ie [fol =e 
= T. OrmeruM, YTO pelleHHe (3) HMe€eT MECTO TOJbKO LIA Cyyad MocKOH 


-CHMMeTDpHH. 


| 


_ CTpaHAIOTCAH CO CKOPOCTbIO Ve me —- 


Tlompsysacb cbopmy amu (3) uum (4), 3anvuiem B Se gra eat Bue YCOBUT 
Ha (pouTe yapHOH BOHI: 


Ri (Vi— 1) = Ra(Va—1), (Hol LAIR = (Hor Hota) 3, 
Rw (Vi— 1) + Pa + Moi + Ser =|RaVeVe— 1) +1P 2 + Sos Hao é 


b 


Ye 'P, + 64, 
RiVi— 1)[ bt Ay By AE | pe ert tal = 

. V3 » , 54%, 
SRV a | al eal 


(MHqeKCOM 2 OTMCYeCHbI BeJIHUMHbI 3a (pOHTOM yapHOH BosHbI, fuHyeKcOoM 
| 1—nepeg (bpouTom).% 


Tins paccMaTpHBaeMbIX OJHOMePHBIX J BHXKEHHH MaJIble BOSMYILeHHA paciipo- 
Ha He 
a + Tee (HMeIOTCA JIMUIb YCKOPeHHbIe: 


MarHHTO3SBYKOBble BOJIHbI (*)). TakHM o6pa30M, ypaBHeHHe JIMHMH CJlaOblx. 
Ppa3pbIBOB B CHJIy cooTHOWeHHH (2), (3) u (4) uMeeT BHA 


+ (He + 2) = (VE 1, (©) 


OcTaHoBuMca NoApobuee Ha pellienuax Busa (3). [lombsyacb cbopmy.iamu (3),. 


cBeeM ypaBHeHHa JBwxKeHUua (1) K CHCTeMe YeTHIPeX OObIKHOBeCHHBIX uddepen- 


I\MaJIbHbIX ypaBHenun, KOTOPadH HMeeT Ba HHTerpaJia — ajMaOaTHUHOCTH HM BMO- 
PO2KeHHOCTH: 


P _ CiRTOR (1 a Vinee, 4 ae GR (1 Ll Va a (7) 
Ilpu s=—2 umeer mecTo TakKe HHTerpadl SHeprHH 
(V —1)(RV?-+ 2 P2542) + 2(P + a2)V = Co. (8) 
\ HaxOJMTCA KBallpaTypow H3 ypaBHeHHA 
V 1 dinR 
Ink=InCy+ +——l\U—v) Gea. (9) 


Syecb C,, Cz, C3, Cy — MpOM3BOJIbHbIC MOCTOAHHBIE. 
Takum o6pa3som, mpu s = — 2, v = | d@opmysnl (7) — (9) omncpiBatoTr TOUHOE: 
pelleHHe cucTempl (1), 3aBucaujee OT YeTbIPeX KOHCTAHT. 
- BBona o603HayeHuA 


YP + 2H, = (y—1) Cs al Ce 
Ssh aq Maaped jeealig ey pak Ma BS Cy , 
NOyuHM W3 ypaBHeHuii (7), (8) u (6) BbIpaxeHue Ala w B cdyHkunn V 
WM ypaBHeHHe 3ByKOBOH KpHBOH: 


(10) 


2B BeAr 
(yal) ate) Gee =a) wide. | 2S (1 22V)2eit) 
w= Toe? WC ?. (11) 
20 [y—1+A(1—V)¥ + B(2V—1)(1—V)* 7] 
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Caywaii B=0O (oTcyTcTBHe MarHuTHOoroO louis) paccMoTpeH B CTaTbe (*). 
Oxa3bibaeTca, UTO KaveCTBeHHOe NOBeeHHe HHTEFPaJIbubIX KPHBbIx (11) B nuto- 
-cxoctu (V, w) Takoe «Ke, Kak B Cslyyae B=0, upuuem: 1) uuTerpasbuple 
‘KpHBble, COOTBETCTBYIONIHE cayyaio A>B-+- 1, aHanOrvuHbl HHTerpaJibHbIM 


40 


S 
rs 


u/v;, P/ p>» P/p, 


0 05 Le 


Puc. 14. 1 uw 4—v/ve; 2u 5—p/po; 3 4 6O—p/pe. 1. 2 
u 38—npu k=0,4; 4, 5 vu 6—npu R=0,8 (OK AKX1) 


KPHBbIM cTaTbH (7) c K > 1; 2) coorsercrsyroulue cnyyaio A= B +1 anano-§ 
THUHBI KpuBEim c K = 1; 3) coorgercTByrouiHe cuyyaio A < B+ 1 ananornunp|) 


Puc. 2. 1 u 4—v/v0; 2 u5—p/po; 3 u 6—p/po. 
1,2u3—npu k=2; 4, 5 u 6—npu k=5 


q 
| 
KpuBbIM Cc K < 1. B coorsercTBHH C 9THM B MarHUTHOM THApOAMHAaMHKe MOKH 


: 
KS 


pellaTb 3aauH, AHaJIOrHUHbIe PaCCMOTPeHHbIM B CTaTbe (*), YUHTHIBaA Tp 


9TOM, YTO ycloBHA Jud Az B Cumy chopmyn (3) uMeloT TaKOi xe BUA, Kal. 
ANA p, a YCIOBMA Ha cKauKaxX — Buy (5). 
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Ha puc. | qua cnyyaa y = 2 fanbl KpuBble pacnpeseenua XapakTepucTuK 
[BUXKEHHA U/U2, P/P2=hz/hz», P/ Ps 3a PPOHTOM yapHOH BOVHBI, pacipo- 
‘TpaHAIOUleHcA MO HEBOSMYWLeCHHOMY Ta3y Ip B3SpbIBe, IPpOUCXOJALIeEM B MOMeHT 
feo B TOUKE X= — oo (k= A/(B+.1)). 

_ Ha pwc. 2 Taxxe na cnayyanq Y= 2 mpescrapsenbl OTHOWIeHHA U/Vo, 
0 / Po = hz/hzo, 0/ Po XAPAKTEPHCTHK [BHXKEHHA K UX HavaJbHbIM pacmpefese- 
HAM, IIPHY€M Up = Be-T/%, py =a, hy =8, Py = SE2"/%, 

PaccMoTpuM Tellepb pelienua cucTembl (1) Bua (4). Coorsercrsyroulaa 
wcTeMa OObIKHOBeHHBIX udpPepeHiMaIbHbIX’ YpaBHeHHi wMeeT CuJleyrouue 
HTerpasibl (alvaOaTHUHOCTH H BMOPOKeHHOCTH): 


a ea ee U(k+8) (y—1)-+2] Lae ® _ kts 
P= CRI (VAT A ate = CR 1), 
(12) 
k+1—2v (k+5) 


H2= C,R*8> (V—1) He 


TMETHM ele pa3, YTO NpHv=1 F,=0). 
IIpu k =v—1 umeer mecto elle wuTerpas sHeprun 


(P+ He + HV + V—1)(A= + ay + et He) = Ce (13) 


ee (13) c yuetom paBeHcTBa k=v—1! jaloT HeABHYIO 
BHCHMOCcTh R or V: 


; Ca OG) v(y—1) 
ae tS 1) 2 jay eee ee 


(14) 
POV oN ony tyme Cyl aR) Cy 


es ONpeMesIAeTCA H3 yYpaBHeHHA 


ui { 1 (/V—1)\dInR 


B cnyyae y¥=2, v=2 peuenue (14) MOxKHO BbIIIMCaTb B ABHOM Buse 


wee ee ee i pieVv= 1) +C(1 Vee 


Cea tye ete 
+Y [DQV—1) -CUd—Vyr+4V2@V—NHU—V)}, (16) 


CaN; C C3\/2 
e BBefeHbI O6O3HaueHHA Cy = — c(S*) » Co= Di =) " 


Ip D=0, tr. e. C2 =0, dopmyaa (16) copmagaer c topmysol (3.9) 
Tu (2), ecm NosoKUTS B (3.9) v= 2. Tlonb3sysacb pewienuem (16), MoxHO 
CCMATPHBaTb 3aa4H, aHaJIOrMUHble W3/102%KeHHBIM B CTAaTbe (*). 

OrmetuM, 4TO B cTaTbe (°) yKa3aHO, UTO ypaBHeHA THA pOAMHaMUKH Myias- 
MMeIOT PMICHHA Bua, aHanoruyHoro (%) u (*). 


Matematuyecknii wuuctuTyT um. B. A. Crekaopa Nocrynuno 
Akafemuu Hayk CCCP 2 II 1959 


IMMTHPOBAHHAA JIMTEPATYPA 


1jyl. HU. Cenzos, Meroght nozo6ua uM pasMepHOCTH B_ M€XaHHKe, M.,, 1957. 
. H. Kounna, I[puka. matem. wMex. 215 B..4 (1957). * Ba tL Kop o6e am 
Bp, JAH, 121, Ne 4 (1958). 4N. Herlofson, Nature, 165, 1020 (1950). 
.A. BeReuos, K9ST®, 33, B. 6 (1997). 
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Woknay vl Axraflemun Muay K CCcCcP 
r 1959. Tom 126, Ni 3 


rH POMEXAHHK; 
Er.cA. JIKOBHMOB . 


BJIMNAHHE 9JIEK TPOMArHUTHOLO MNoJIa HA PEXKUM AETOHALLM 
(IIpedcmaesenozaxadenuxom” JI. H- Cedoeoim 11 II 1959) 


ff BOJIHbI NO rasy : 


TIpu pemenuu 3aqau 0 pacipocTpaHeHHu JleTOHaLMOHHO ! 
ocje Npoxo*keH 


3JIEKTPOMAPHUTHOM T1OJIe HeOOXOJHMO YUHTHIBATb, UTO Fas II 
JleTOHALLMOHHOH BOJIHbI CTAHOBHTCA MIpOBOAALIUM. y 

PaccmMoTpuM cTallWOHapHyl0 AeTOHAIMOHHYIO pony. Ilepefx BOJIHOM MPpOBi) 
JIMMOCTb Ta3a CUHTAeM paBHolt Hy0 (91 = 0) uv 3ajjaem Bce MapaMeTpbl HaOer | 
joulero NOTOKa, a TakxKe HallpsAxKeHHOCTS 9JIEKTpHueCKOrO WH MarHHTHOTO NOE, 
KOTOpble CUHTAeM MapaJebHEIMH (ppoHTy BOJHBI. 3a BOJIHOM MpOBOMMMOCTb ray 


cunTaeM paBHOM OecKOHedHOCTH (o2 = oo). 
B 9sToM cilyyae yClOBAS Ha JeTOHAMOHHON BOJIHE IIpHMyT BAL: 


0101 = 02V2, 
rr, 138 = 4 H? ae L eee 2 
Prien + go Pe T Pater ae 1 
0 2 ws we c 
oy (Ge + ta) — ze Balls = otal . ia) Wye Eats + % (| 


bel: 
Ey === Es=— Vol 2.4 


3necb i — TemulocofxepxKaHnnve eMHUIUbI MACChI rasa, C ~~ CKOPOCTb cBeTa, OCTAJ| 
ype OOO3HAYCHUA OOMIEMPHHATHI. ITH %e YCNOBUA CBASHIBAIOT 3HaveHHA 1] 
pameTpoB MoTOKa M Novia Ha rpanulax HeKOTOpOH MepexOHOH 30HbI, pas, 
jimouleli Ba MOCTyMaTeJbHbIX MOTOKA, CCJIM 5, = 0, ¢=6,=F 00 WH TBUKE! 


B TlepexOJHOH 30He OJHOMEPHO. 
JleroHaluoHHasd ayua0aTa MOKeT ObITh MpefcTaBsleHa B Buse 


’ 4 : 
2 —& + PrP Ve, = V4) ener (H3— Ai) (Vi +12) — 
4 ; 
ssp PSI AW. (Ay 2) HQ=(0; 


© —BHYTPeHHAA 9HEPrHA eMHUIbI MaCCbI asa, Q —TensoTa peakh 
elMHulbI Maccbl rasa, V — y)leIbHbI OObeM. Ooiaa TeopuA afnadarTEt) 
MOxKeT ObITb MocTpoeHa aHasIOrH4HO TeOPHH ylapHo aqua6aTH (?). 

OctaBulad B CTOpOHe OOULyIO TeOpHio, NPHBeweM MNPHMepbhl, Kora Hav 
3JIEKTPpOMAFHUTHOTO NOJIA MpHBOAMT K OCYIULeECTBICHHIO PexXHMOB jeToHall 
HEJONYCTUMBIX B OObMHbIX YCOBMAX 6e3 noua. 


il 
I. PacemorpHM cTallvoHapHytW eTOHALMOHHY10 BOJHY, IPH4eM E,=— <0) 
rye k =" B JleTOHAWMOHHOH BONHE C TeMH 2KE MapaMeTpaMu HaGeratoll 
2 


oToKa, HO Mp oTcyTcTBuH noma. B stom ciyyae H, = He, u afuadata 
B muiockoctu (p, V) mepexoquT B OObIMHYyIO WeTOHAalIMOHHYy10 ajuadaty. 
ByJlem CuuTaTb, YTO CKOPOCTb raza 3a TleTOHAMMOHHOK BOJIHOM paBHa CKOP 
paciipocrpaHeHHA MaJIbIX BOSMYWeHHH Mo rasy 3a BoulHOH (ycuoBue PKyr 
Uenmana). Ecau noua Her, TO STOMY PeX%KHMY COOTBETCTBYIOT HaWMeHbIIMe 
MOXHBIC YIVIOTHEHHA, HAMOOJbIIMe CKOPOCTH Ta3a 3a BOJIHOH H HAHMeHbIUHE 
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OcTH HaOeratolllero noToKa. Tipu HaJIMUH SJIEKTPOMArHHTHOLO MOA eTOHAIMOH- 
an afuaOaTa ocTaeTca mpexkHel, a CKOpOCTb paciipocTpaHeHHA MaJIbIX BO3MY- 
eHHH 3a BOJIHOH BO3pacTaeT 
2 
as? = ap + Re ; 

9 —CKOpOcTb paclpocTpaHeHuA MaJIbIX BOSMyLeHHH mpnH H, = 0. Bpimomue- 
Me yculopua )Kyre — Uenmana B 3TOM CJly¥ae MpHBOANT K YBeJIMYeHHIO CKO- 
OCTH rasa 3a BOJHOH NO cpaBHeHuto co cayyaem H, = 0 u, caeqoBarTesbHo, 
YMeHbIIeHHIO YIWIOTHEHHA MW JaBJIeHHA Ta3a 3a BOJIHOH. OTomy pexumy JeTO- 
allMM COOTBETCTBYIOT TOUKH, JlexKallve HuxKe TOUKH PKyre Ha eTOHAallMOHHOM 
quaOaTe H HeOCyLecTBUMbIe B OOBMHBIX YCIOBUAX 6e3 OTBOJa 2Hepruu Ha JeTo- 
alHOHHOM @pouTe. 
_ Il. Pacemorpum wuamuypuueckyto eToHallvOHHyl0 BONHY, pacnpocrpaHa- 
ILYIOCA TIO Cpefle C NOCTOAHHOH MIOTHOCTbIO. byeM C4uUTAaTb, YTO B HEMOBUXK- 
OHM CHCTeMe KOOPAMHAT HaMpsAxKeHHOCTH 3/IeEKTPH4eCKOrO HM MATHHTHOrO Noel 
BA3aHbI COOTHOIeCHHeM 


E, = —— (DH; 


D — CKOpocTb pacnpocrpaHeHus JeTOHAIMOHHOHM BOWHbI. Torga B 3TOH sxe cH- 
jreme KoopauHat He = Ex = 0, u Tevenve ra3a 3a BOJHOM OMMCbIBaeTCA ypaB- 
‘eCHHAMH OObIUHOH YTa30BOH JMHaMHKH. 

B o6o3HaveHuax padorpl (*) yCOBHA Ha JeCTOHAMOHHOL BoHe WIA Oe3pa3- 
MePHBIX (YHKUMA, OMMCHIBaIOWMX ABHXKEHHe, MOFyT ObITh HanHCaHbI B Bue 


on[aalts)0-a]) vais i+s)a—a) @ 


Te 21 4 7 
Ls = Gee (1+ 2) — ANG Hite), 
2Q 


RE a EE 
ee 
+b BxpD? 

C TOUKH 3PeHHA aHalHu3a ypaBHeHHH JBMKeHHA ONycTHMbiMu [ABJIAIOTCA 
ayvennn A<O, npuyem A=O coorsetcTByeT pexumy Kyre— Uenmana, 
A <0 cooTBeTCTBYIOT PeXKHMbI, HEBO3MOKHbIe B OObIYHOM ra30BoH AHHAaMUuKe 
3 OTBOJa 2HEPrH Ha JeTOHAIHOHHOM (ppoute. 

Sayagum cxopoctb D Tax, uTodnl npx H,=O0 ocymlecTBaIcA pexkuM 
yre — Uenmana. Torga npn H,-0 u pu Tow xe CKOpocTH BOUJIHBI Oyjem 
eth A-£0Q. IIpn uurerpauun ypaBHeHu JBYXKeHHA B 9TOM CJIyyae Hao 
WraTbCA MO WHTerpaJbHbIM KpHBbIM, cooTBeTcTBylouluM A <Q. Anann3 
OTHOWeHHH (3) TOKa3bIBaeT, UTO Tp 3TOM OyYT OCYMIECTBIATbCA PexKHMBI 
MeHbIUHM YIIJIOTHEHHEM HM Me€HbIUMM aBJIeHHeM 10 CpaBHeHHIO CO CJlyyaeM 
1=0, T. e. GyAyT OCYIMECTBIIATbCA Ppe2KHMBI, HEBOSMOXKHbIE B OObIUHEIX 
JOBHAX Oe3 OTBOJa SHEPrHH. 

IIpu BpmouHenun ycnopun )Kyre — Uenmana JeTOHallMOHHasA BOJIHA B Cuyuae 
14-0 pacmpocTpansetca cO CKOpOcTbIO MeHbIleH, yem B cuyyae H, = 0. 
IIpupefennpie IpHMepbl NOKa3bIBaIOT, YTO IPH MOMOMIM 9eKTPOMarHHTHOrO 
JIA MOXKHO BJIMATb Ha Pe2KMMbI JeTOHALMH, IpHYeM B HEKOTOPbIX yCJIOBHAX 
WyuaTb peXUMbI, HeEJONYCTHMbIe pH OTCyTCTBHM NOJIA. 


MockosckKuit: TocyapcTBeHHEIM YyHUBepCuTeT Tloctynuso 
um. M. B. Jlomonocosa Sally [959 
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TEOPHSA YIIPYTOCTL 


r. A. MONOB 


V3rMB MOJYBECKOHEUHON MNJIMTbI HA KOMBHUHHPOBAHHOM 
YNPYrOM OCHOBAHHH 


(ITpedcmasaeno akademuKom H. H. Bexya 17 X 1958) 


B wacrosmeli pa6oTe MpHBOMMTCA TOYHOS pellenue 3a7auH 06 u3sruc 
ToyOeCKOHEYHOH TJIMTHI Ha yipyroM OCHOBaHHH, TipeACTaB AIOWLeEM co6o 
yupyroe NosynpocTpaHcTBo (c NOCTOAHHEIMM Ey, vo), KOTOPpOe NOKpbiBaeTc 
CHCTEMOM OTJCJbHO CTOAIIMX MpyxXHH C ykectKocTblio k. UactTubim curydae 
galauu sABJIAeTCA 3ayaua 06 usru6e nmomyOecKoHeyHOH MJMTbI Ha yipyre 


nomympoctpancTBe (k = 0). ) 
i. Ecau nomyGeckoneuHan numa (x > 0, — co <y < 00) C KeCTKOCTbIO 
HarpyxkeHa Harpy3KOH THA q (x, y) = 8(x—b)coshy (A, b> 0), rae 6 (¢)-—™ 
Ty JbcHad PYHKINA, TO TIporv6sl NMTE w(x, Y) MW HampsmxKeHNe NOA TJIMT¢ 
p(X, Y) = P,(x)Ccoshy, DP, (x)=0 mpa x*< 0, Oy—yT MMeTb @HaJIOTM4HE 
Bue. ?): 
w (x, y)'= Oru, (x)coshy, x20; F=2U— VIREO: 
rye (°) 


tn (x) = etal Ky(hlx—s|)p,(s)ds + wtp, (*); w= nORT. 


C aApyroft cTropoubl, IpHHAMas! BO BHHMaHHe OurapMoHNuecKOe yPpaBHerf 
quia mporn6a MTB, HalieM 
| 


(£0) 4,0) = FBO) — P.O) xB 0; oF = ODe. 


O6utuM ucuesalouluM IpH xX—>0o pellenHeM 9TOrO ypaBHeHHA Oy)> 
(pyHKILMA 1 


Uy, (x) = (a’ + a"hx)e* + 7 \ G(rx|x—s|)[8(s—b) —p,(s)lds, x2 0, 


rye 
1 Re 4 ¢ ett 
G(A|t]) = te ALOT se ie \ Gi sae HS 


—oo 


TIpupapuusaa (4) u (2), nonyyHM ypaBHeHHe JA p, (ae 


li a \ k(A|x—s]) p(s) ds = u (a’-+ a”hx) e—™ +- c8uG (A|x— |), xm” 


rye 
k(n|t1) = CuG (| t]) + wteKo (Je). 
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Moxuo yO6equTees, 4TO 


p, (x) = D, (x) + AD (x), (8): 
rye 
Sg) tbc 
oe) 4 "@r (x) 
(=e | erin t (9) 
A, (x) 


_ tf Pe) w) 

rain On \ (w + ia 

P(w) = Ay +(w +A) Ai, Ap = dha"ba (id), Ay = a’dy (id) — ina’ds, Cea) 
UYepes , (x) OOosHa4éHO pewieHve ypaBuenua 


ewx dw, (10): 


DM, (x) = pa’? (x) al pia” Fla 


e.(t) +\ ROlx—s|)e,(s)ds=e%, x>0, (12) 


IKOTOPOe, Kak U3BeCTHO (1, *), UMeeT BHI: 


as a by (w) b, (0) 


SE ee dw, Imo > 0. (13) 


Pe (x) a 

| IIpu stom d,(w) nomxKna (7, *): 1) OblTh peryspHol u oTAMUHO OT HyIA 

BepxXHel NomynwocKkocTu; 2) paBHATbCA eqMHUIe Ha OecKOHeyHOCTH; 3) yOB- 
N€TBOPATb YpaBHeHHIO 


[i+ \ he (h|t|) etm dt | ee br (w) dr, (— w), (14) 
Ae e 
Po (2) = 24. + pe? + pe’. (15) 


@Myxxunio >, (W) MOXKHO HalTH, BOCIIOJIb3OBaBIUMCb TeM, UYTO pellleHHe 
DYHKIMOHaJIbHOrO ypaBHeHHA 


[Veh —a]* Ve Te = y,(w)x(—0), 7=1,2,..., (16) 


pOanaroilee cBoiicTBamu |) u 2), usBecTHO (”): 


ia. es eee Bet tT; 
a : ae cost + 4 4 u Fos Sar el 
j(@) = x, (idcos Zt) = V Se exp Es \ sag dul, sino; = — - 
Toeo yf: (17) 


IIpenctapuB 3aTeM sleBylo YacTb ypaBHeHHa (14) B Bue 


Hf yaot—e \ = d,(w)d,(— w), ReYw? +> 0, (18) 
Byam * 


“lL 
> i %; (@), dba (00) ea ke (19): 


*Uncena a,;(j=41, 2,3, 4) cyrb KopHH nNomMHoMa (15). MoxHO MOKa3zaTb, YTO TOMbKO [Ba U3. 
IX, SIBJISIACb KOMMJICKCHO-COMPAXKEHHBIMH, JeKaT B MpaBoli nonynwocKocru: Re a;> 0, j = 1, 2. 
ostomy“ bynKuna (19), papas cormacno (14), (w) = (w?+ 22)? Pp (Vw?+ a2) by! (—v),. 
MeeT TOJIbKO Takve ocoOble TouKH (cp. (°)): OHY TOUKY BeTBIeCHHA W—= — 1A, [Ba 


POCTEIX nosOca W= — 4, a=V a 22, Im V a? —2> 0,j/—1,2,mpuyem Res , (w) = 
w=——a ; 
j 


—1)/aé a 
( vi * (a) =—ir, j=1, 2. 


2(a;— as) (a 77 a, Im a; -* 


=e 
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2. Ilpeo6pa3syem mpaBylo YacTb tbopmyvint (10) myTem jecsbopMHpoBaHHA 
MYTH WHTerpHpoOBaHHA B MeTVIO, OXBaTBIBaIOLyK yy (— ih, —t oo); B pe3yJIb- 
tate 6ylemM uMeTb (cp. (°)) 

0, aia P (—is) (s? — x2)"2(s + Ae Appa 5 rP (— %) ti* sO 
j=l 


B = SPC V Pile le Cee (20) 


ua Hay MpaBolt yacTbIo (13) Hu 3aTeM 


CopepulMB aHaJslorMuHble mpeo6pas0BaH 

moyicTaBuB ee B (9), NOJYUHM: 
( fps) — n2)'/2 e—S* ds fe eo \ ae 
Poi V8 4) Po (—i VS7— 8) is) 4 Po (Vu? + >?) | 

2 

+ Jrjlo(aje, x>0. (2 
j=1 | 
Syecb uepes J, (Zz) o6o3sHaveH MHTerpa THMMa Kou ro GecKoneyHOl T1psAMOK (*) 


4 c p, (4) ered 
=e \ wea rans ee 
Kospunuentst Ay u Ay MpousBObHOrO NOMHHOMA P(w) HalifeM, yAOBJe 
TBOPUB KPaeBbIM YCJOBHAM JIA TJIMTHI- | 
ui) (4.0) — van (+0) =0; ux” (+ 0)—-@2—) ru (+0) =0. (2a 


Ina 3Toro mpescTaBuM PYHKIMIO UW) (x) = uS (x) H ee MpOHsBOAHEIe B BH) 


OP) (x) oa © ot (e—b)u 


u n 
x 


us (x) =U (x) + CUS? (x, 0), 2=0,1,2,38, *> 0, (2: 
rye 
na P (— is) (s + >)? oa qis\is cme, 
it Gy 2 net (SS 
(x) =(— 1) = SR VFR CiVea * 
2 f 
(4 + 4; Ba OL dR | 
— Dr ie Pe Gn x>0, n=0,1,2,3, 
j=1 J 
ee Rie n2)°2 7 (is) s” Cm ds 
Te a AN ean nti cop? ) Bil (CG he 
b (x, ) ( ) T \ Po (i Vs? — ®) Po (—i V8?— »*) ¥, (és) 


2 


+ hw + ay) fou) (easy °F + 


j=1 J 
en Vik +? Po (Vu? +) (— iu) du, 20. (4 


—o 


Vimes p puny (24) — (26) u (11), sanuuem * 
us (40) = Af + Auf? + 2US? (0,0), 2 =0, 1, 2,3, (\h 


* Uro6pl nomyyuTb dopmysy (25), caefyeT NoAcTaBUTh (10) B (2) BMecTo py 
W3MCHHTb NOpaOK MHTerpHpoBaHvA M B NOMYYCHHOM ORHOKPaTHOM untTerpaue (cp. 9 
MpomepOpMHpOBaTb IyTb MHTeErpMpOBaHuA B MeTJUO (— id, —ioo). Bopmyay (26) nomy ¢ 
ecau B (13) mepeHecem MyTb HHTerpHPOBaHMA NapaeAbHO CaMOMY ce6e HA MOCTATOUHO Mi 
paccTosHue (B 9TOM Cilyyae 3TO 3aKOHHO) B HW KHIOI MOJYMJIOCKOCTH, lcce yero nomere|} 
(13) B (9). Sarem (9) mo_cTaBuM B (2) pMecTo p, (x) HW Moce H3MeHeHHA NOpayKa HHTE 
et mpeo6pasyeM BHYTPpeHHMA HTerpan, pomeopMupowaB MyTb HHTerpHpoBi 
Cpe) 

SameTuM, YTO ToceqHU WieH B MpaBow wacTH opMysBI (26) mpemcTaBseH 3) 
B Bue YCMOBHO cxomsmerocsA (pH n —3) HecoOcTBeHHOrO MHTerpalia. OyHako mocpexc | 
febopMupoBaHuA MyTH WHTeTpHpOBaHHA MOXKHO mpeo6pasoBaTb ero B OBICTpO CXO/ALIIf 
unterpas. To 2%e OTHOCHTCA H K MHTerpadly (22). 
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7) (yn ote ( (s+ a)? by} (is) stds 
ON at i en Ce ere 
aa V s?— 22 P, (i Vs? — 22) Py yy sae) 


; E r, (ia;)\” 
—i > Shap +4). (28) 


a) 


G 
Buiparkenne jaa fi? NOJYuHM v3 (28), ecuH MOMbIHTerpasbHoe BbIparKenne 
HOXKUM Ha (S—}d), a MOM 3HaKOM CYMMBI BMeCTO (it —aj;)* Hatem 
.— &; 

je , om 4 
limes B Bujy (27), BMecto (23) 6yqemM uMeTb 


1 


Dy UF? — vee?) Ay = 2 [RU (0, 2) — UP (0, 9], 
i=0 (29) 


1 
DP = (2 — v) 2PM 1A; = 0? (2 — v) RUL (0, 4) — U (0, d)]. 
i=0 


Haima u3 sTHx ypaBHesul KosdppuunexTs! nomMHoma P(w) uv moy_cTaByB 
< B (20), MBI TosyuuM culeqyloulyio @opmysy YA HallpsxKeHua No_ nomy- 
CKOHEYHOH TIIMTOH, Harpy2xeHHOH eCMHHYHOH CHJIOH B TouKe (x =b>0, 
=0): 


J 
q 


per) = Be [D, (x) + 2 oO (x)] coskydh, x>0. (30) 
0 
AvasiorMuaHo Jia MporM6os mT! OyyqeM uMeTb * 
w(x, y) = — (1th (x) + Uy (x; N)]cosikydh, x >0. (31) 
0 
Tloctynuso 
14 X 1958 
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DHBHKA 
B. JI. BOHYU-BPYEBUY 


K TEOPHH TEMIEPATYPHbIX ®YHKUMM TPHHA 
(ITpedcmaeaexo axademuxom H. H. Boeonrbosem 16 II 1959) 


31. Beenenne ®yuxuna TpuHa Hw KOoppenaUOE- 


fbie oy HK Wuu. Mero KBanToBix dbyHkuni [puna oKasanca BecbMa Mo- 
i 
pera B 3JIEKTPOHHOH TeopHu TBepforo Tela (1~*). B padorax (1-8) (paBHo Kak 
} 
I 


HIM TIpH pelieHHH psya 3aa4d) KBAaHTOBOM MeXaHHKM MHOFHX Tes, B WaCcT- 
B(‘)), ofHako, 3ajaua Oblia, MOcTaBJIeHa UMCTO MeXaHHYeCKHM OOpa3soM; B TO 
He BpeMA B CHCTeMaX, Ie TeMJOBOe JBHIKEHHE CYWLeECTBeEHHO, HHTepeceH, No- 
HMMOMY, He 9HEpreTHuecKHH CieKTp caM No cee, a HeKOTOpbie ycpeHeEHHbIe 
JMYMHBI. Jia ucceqOBaHHA STHX BeJIMYHH, MO-BAAMMOMY, yHoOeH annapaT 
-MNepaTyPHBIX KBaHTOBBIX (byHKuMi Tpuna, ompefensembix, Kak H3BeCTHO, 
ABEHCTBaMH THN 


Gss'(X, x") = i Sp eP&+¥N—PNT {ch (x) dy (x')} = ICT {b, (x) by (x’)}>. (1) 


Mech x, x’ — 4-TOUKH; S, s’—CIMHOBbIe HHJeKch!; :, b — cbepMHeBCKHe oOnepaTo- 
I B lpeycrapsenuu TetisenOepra; B = 1/x7; »— npMBeleHHbI xuMuMyecKHi 
brenuua.n; Q (wu, 7) — TepMoquHamnyeckuh noTeHinan; N — onepatop nosHoro 
cna yactnuu; H — nonspl ramuvibronuan. AnanorH4Ho onpemematoTca u BCe 
Ipoune cbyuKunu Tpuna. Ouesugzno, cbynxuua (1) HenocpeycTBeHHo cBaA3aHa 
| OHOUACTHYUHOM MaTpulew MsoTHocTH R, (cp. (°)). 

Jlerko BHJeTb, YTO NapHbIe KOpPpesAWHOHHbIe PyHKIHH TaK%Ke MOXKHO BbIpa- 
Th uepe3 G(x, x’). PaccMoTpHM CHayana NpOcTpaHCTBeHHO OAHOPOAHbIK CJy- 
A, Tlojlaraa (h = 1) 


ee ee ; 
d, (x) S' ds (Pp, Xo) e?*, 


WF - 
SPC TES = a s Gs: (P, Xp — %5) ePr =—*). (2) 
'p 
NYCBUIHO, 
Gss (P, Xo —'X,) = 1 <T {Gs (P, Xo) As (P, X4)}- (3) 


Sametum, uro N = > As(P, Xo) as(P,%o) (BPeMA, K KOTOpoMy oTHOcHTCH 


s,p 


Urypupyloulve 3fecb ONepaTophl, OespasMyHO, TaK KaK N ectb uuterpas 
BIOKeHYA) H BBeJeM PopMaJbHO BeNMuMHY G, oTIMUalOULyioca oT G 3ameHor 


Ha 5) 2 (S, P) 4s (P, Xo) Gs (P, 40). 


Ge wvai 1G. (4) 
u(s, p)> 
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Kak us3pecruo (°), (MaroHasbHbIt 2eMeHT JByXYaCTHUHOH MaTpUIIbI MIO 
HOCTH B MpOcTpaHcTBe HMIIyJIbCOB eCTb | 


Rz(p’, 8’; p, 8) = <as (p’) 4s (P) as (P) as’ (p’)7- ( 
Tlonoxum B (3) %) <x, 8’ =s wu mpogubhepenuupyem 110 w(s’,p’). Ha ocn 
BaHuu (4) u (5) nowyauM: 


R2(p’, 8’; p, 8) = 1(p, s) 2 (p’, s’) — A (p’ —p) bss 2 (p, 8) + 
if dn(p, s) 
7 eee Oy (s’, p’)” 


Snecb A — yenbra-cbyHKIMA DucKpeTHOro apryMeHTa, 1 (p,s)—cpeqHee HC: 
3anousIHeHHA cocTosHua (p,s). B uyuacTHocTH, Jia cBOOO,HOrO 3/IeKTpOHHO 
rasa, Korga n(p,s) faerca pyHKuneli Pepmu, dopMy.ia (6) mpHHumaeT Tf] 
BHaJIbHbIM BUT 


Ro(P', 5's B.S) =2(P, 5) 2(0',8')— (pp) Aer n*(p,8). 


Orciofa ACHO, 4TO HadiMuve JHHAMMYeCKOM KOppesAuu 10 MMITy JBC | 
CBA3aHO C OTKJOHeHueM n(p, Ss) OT cbepMueBCKOrO Bua, T. €. C KBAHTOBBI 
adekTaMu BsavMOselicTBud. AHaJIOrH4HbIM IyTeM JlerKO NOJY4HTb BEIpaKeH 
M Wa (YHKUWH KOppeIALHH 0 JOObIM TlepeMeHHbIM }. | 


TlevicrsuresbHO, mooxKHM >, (x) =\ dra, (A, Xo), (x), THe 9, (x) — cg 


CTBeHHbIe (pyHKIMM WHTepecylollero Hac OlepaTopa, MpHHaywexKalue cc 
CTBCHHBIM 3HaueHHAM A, H TpousBeqem opMaJbHyio 3amMeHy pN} 


—( dh'dn" S\ CM, NS SV se (Rolie (1 Xo)e Lora 
s’ 


ie 


Re (hy 8’, Rey SPS, 8; hy, 8) =] ReOu, Seer is Ry OSes nga 


: Seal : SRi (Rays 
— 8 (dg — dy) AcorRt (Ai, 8’5 ay S’)+ lim WES ae 
u(A,A"ss) 385A”) OP (AZ, AQ; 8’) 


EcrectBeHHo, lpedmolaraerca, YTO B MpaBbIX uacTax (6), (7) u (8) B cayy 
HeOOXOJMMOCTH BBIMOJIHeHa COOTBeTCTBYIOUaA aHTHCHMMeTpH3allua. 

§2.9m@hHeKTHBHOeC BOAHOBOeE ypaBHeH He. Baxuehm 
CBOMCTBOM (byHKUMH [puna ABsIAeTCA HaJIMUMe CHeEKTPaJIbHBIX MmpescTaBeH 
THMa MOyyeHHBIX B (*). MMeHHO STO OOCTOATEIbCTBO NO3BOAeT UCHOIb3OBE 
alnapaT dyHkwuk Ppuna ia uccneqoBaHuaA 9HeprerHueckHX CMeKTPOB CUCiI 
MHOrHx uacTul (’). Kak moka3aHo B (°), CeKTpaJIbHble NpeycraBeHuA uMel 
MecTO H [WIA TeMMepaTypHbIx dyHkuwi TIpuna; u3 pesybTaTOB padorsl (f 
ABCTBY€T, TO, KaK HM B KYMCTO M€XaHH4eCKOM» Clyyae, Mouioca ux dypbe-p} 
CTaBJICHHH CBA3AHbI C aPeKTMBHOM SHeEprvel u 3aTyXaHHeM COOTBETCTBYIOU 
Bo30yxKeHHh*. HerpyHo yOeQuTbca, YTO Ha3BaHHble BeMYMHI NpescTaBsA 
coOol coOcTBeHHbIe 3HaYeHHA HEKOTOPOH POpMaMbHO KOMHOUACTHUHOL Zana 
JleicrBureibHO, o6osHauuM Yepes K (x, x’) Kakyto-HuOyyb BemMunHy Tuna (f 
B cusy Hanuuna T-mpouspeqenua B mpaBol actu (1), K (x,x’). YHOBeTBOpsD 
ypaBHeHHIo TuMAa 


(the — Li) KW) + (ee) KO x) de 80-2), | 
ie 


rae L,—onepatop, cogepxkauyui MpousBoqube 10 KOMMOHeHTam x; L,—, 
KOTOpoe Apo (Boobie roBopA, 3aBHcatee or K); ecrecTBeHHO, Hapsaly c (§ 
HaflO0 IIMCaTb HM COMpAxKeHHOe ypaBHeHHe. 


* TIpaBuJIbHee CKa3aTb, WTO B STOM COCTOMT HaHOonee pasymHoe onpegenenve nonsae 
«QHepruH WH 3aTyXaHHA» BosOyKeHHH B TepMOAMHaMHYeECKO cucTeme. Umenno Tak ompeqey 
HbI€ BeIM4YHHEI ()akTHYeCKH OOBIMHO HM yNoTpeOAlTCA. 1 
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IIpeqnonoxum, uto L, He 3aBHCHT ABHO OT Xo, Xo, a Ly = Ly (x, x"; Xp—Xo) 
FiseBH HO, 9TO HeOQOXOUMble yCJIOBUA BOSMOXHOCTH CTallMOHAapHO NOcTaHOBKH 
aun). Baeem dypbe-o6pa3bl TuIIa 


+9 jobe x) 
LAS Re \ dwe K (x, X’5 @) 
| —-co 
omy4aem Juin K (x,x’; @) ypaBHeHve, KoTOpoe MO2KHO CHMBOJIHUeCKH 3arlH- 
hTb B BHJe 
| (to—L)K=1; L=L;+ Ly. (10) 


| Orcioja ABCTByeT, 4TO MOsOca dyHKuMN K (x,xX’; @) CyTb YaCTOTbI ©, TPH 
jOTOpbIX COOCTBeEHHOe sHaueHHe OnlepaTopa fw —L paByo uywiwo.- Takum 06- 
fla30M, OMpefesieHHe STHX NOJOCOB CBOAHTCA K pellleHHto OHOPOAHON (BOObuLE 
IDBOpsA, HE9PMHTOBOM) sayaq 


(Rho — Li) (x) + | La(x,x'; ©) (x’) dx’ = 0, (11) 


e » (x) — BCNoMoraTebHad PyHKONA. OTO ecTh «appeKTHBHOE BOJIHOBOE YpaB- 
leHHe», UACTHBIM CJlyYaeM KOTOPOrO ABMIAeTCA, HaNpHMep, ypaBHeHve Jlupaka c 
aMallMOHHbIMA MompaBKamnu (7). 

B cBa3v c ypaBHeHvem (11) cmenyer noquepKHYyTb Ba O6cToATelbcTBa. Bo- 
‘ePBbIX, OHO NoOy4eHO Oe3 KakUX-JIHOO NpeANoNoKeHHK O MaJIOCTH B3aHMOsel- 
BHA, Pa3JIOXKHMOCTH B PALI HT. Y., WH HHTepNpeTalluAa ero OCHOBaHa HCKJIIOUH- 
h@JIbHO Ha CN€KTPaJIbHbIX CBOHCTBaX PyHKWHH puna, T. €. Ha TOUHBIX 3aKOHO- 
: epHocTax. Bo-BTOpbIxX, B CHJIY HeJIMHeEHHOCTH HMCXOMHOH sayauu (9) dyHKuMH 
(x), BooOule roBops, He HMeloT MpocToro cmpicia. JInub B MpHOMKeHHOM Mo- 
MTaHOBKe 3ajlaunH (Kora B pa3JIOKeHHH MaCCOBOrO HU MOJAPH3aHOHHOrO ole- 
ATOPOB TO CTeM€HAM KOHCTAHTbI CBA3H OCTABJAIOTCA JIMWWb MepBble YWIeHbI) 
sajaua (9) cTaHoBUTcaA WMHeHHOH, H K(x, y) BbIpaxaetTca yepes pemwenusa (11) 
io OObMHOL cpopMyvie (c TeM HJIM HHbIM NpaBHJIoM OOXoJa NoOCOB — B 3aBH- 
RMMOCTH OT KOHKpeTHOH mpHposy dyHKkunu K). YpaBueunue (11) maer, mo-Bu- 
UMOMY, HanOoslee HarsisfHoe OOOCHOBaHHe Hee O Fa3ze 3JIeEMeCHTAPHBIX BO3- 
by2xKeHui, CHeKTp KOTOPbIX 3aBHCHT OT TeMMepaTypbi*. 
| §3. DyHKuAHA pacnpexeneHHuA NO UMNYALCAM B 
HEBLIPOKRCHHOM S39AEKTPOHHOM frase. IIpHmMennm pa3Bu- 
TylO MeTOAUKY JIA BLIYHCIeHHA SYHKUMH pacnpeseseHHA TO HMIlyIbCaM B He- 
BBIPOXKMCHHOM 3JIEKTPOHHOM frase (9Ta 3ajjaua, MO-BHAMMOMY, MpescTaBuAeT 
HTepec JIA TEOPHH NOyMpoBowHHKOB THNa repMaHHa). [lompsysacb cneKTpasb- 


of Teopemoi (°,°), merko HaxOHM 


| 


° Im G (k, k 
n(p) = 2 (2n)* | dhe ee’ p =k. (12) 


Muoxkutesib (2 7)? cBa3aH C HOPMHpOBKOH; B OTMYHe OT § 1, sfecb yOOHO 
OJIb3OBaTbCA HEMpepbIBHbIM CIICEKTPOM, Noslaran 


G(x, x’) = \ ak G(k)ex-*), dk =dkdko, kx = hoy —kx. (13) 
Jina G(k) umeem (7,39) 


_ Go () 

| Ge) = Ty aM (Gy a 
re M(k)—maccoppili onepatop; Go — d@epmuonnas cbyHkuua puna B oTcyT- 
‘TBHE B3aMMOJeHcTBUA (°) | 

h Tiko— Wo(p) + in (20) — 1) 


— Gai [im WopPte° (15) 


Go (k) = 


_ * EcrecraeHHo, BCe paccyKJeHuA MPHMeHHMBI M JWiA «MeXaHMYecKHXy dyHKuni puna, 
NosyaaeMblx yCpeHEHHeM TOJIbKO MO OCHOBHOMY COCTOAHHIO CHCTEMEI. 
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3nech 4 >0, n> 0; Wo = p?/ 2m) — HeBO3MyIeHHaA 9HeprHa; ni)) — HeBO| 
MYylleHHad (yHKWHA pacnpeseseHua (6ouIbLIMaHOBCKasl), HOPMHpOBaHHas, Ké 


WM Mp, Ha YACIaA 3alOJIHCHHA. 
Byjem pacCMaTPpHBaTb o61acTb MMIIyJIbCOB, He CJIMINKOM TI peBbillaroulk 


renuopolt VW 2m xT, allipoKcHMupyeM vla3MeHHbIi CIe€KTp KOHCTaHTOH ¢| 
HM JONycTuM, 4TO 


e2 \‘/ - i . 
hwy < 2xT, wr ( ue | <1, Neaaeetow oe (1) 


1 
neh? 


S3yecb Nn —losHad KOHUeHTpalluA SJIeKTpOHOB mpoBoguMmocTu; N, — sdpektu) 
HOe YHCJIO COCTOAHHH B 30He; &— AM9JIeEKTPH¥eCKad MPOHHIaeMOCTb; Ur -j 
CpeHAA TelIOoBad cKopocTb. Torja, orpaHw4unBascb MepBbIM HeHCuesalolly| 
IIpHOuIM2KeHHeM, Mosyyaem Ha ocHoOBaHHNH (12), (14) u (15) 


oie > BOER) : 
1 _3w y 5 S p - 
n(p) = —ev-8 ©) { cipsinp —sipcosp + ae ct 
rye 
1 ene Ly 1 ho 
Se ae Casas Feats DEY | 
1y/ ae * Veta he i 
p (Pp) onty De e*h2xT pro In Tat bt a a Si ( | 
2 249 
4+ ®o + ie (1 et 
32T? Wo 2 xT 
p? 1 To? } 
ro — NeOaescxuk paguyc; W (p) = om Yup “MepeHopMupoBaHHaa» SHepry’ 
4 Ro vt a] 
3JIeEKTpOHa (m = IM (1 + 3 yare } ). IIpu p—O (ucuesHopenHe B3aMMojzer} 


CTBHA) BbIpaxeHve B (urypHow cKoOKe B (19) crpemuTca K 7, un (p)—> e%—BW} 
KaK 93TO H JOJDKHO ObITb. 

JlerKO BBIYHCJINTb, TakxKe 3aTyxXaHve BosOyxeHuH. B ycnopusx (16) on 
OKaS3bIBAe€TCA SKCMOHEHI[MAJIbHbIM, M KOS@PUIMeHT SaTyXaHUA eCTb;, | 


Me? 


a V1 + 21 (W + Too) /p? +4 |~ (ot OU ja SE 
i ies 2ehp ae 


V1-+ 2g (W + hao) /p2—1\— +220P Pe G ) 
(npu p? = V 2myxT). 


Aptop BbipaxxaeT OnaroqapHoctb H. H. Boromo6osy 3a BHUMaHHe K pa 
Gore w OOcyxeHHe pesysbTaToB, a Takxe II]. M. Korany 3a mpegocrapue 
HH€ BO3MOXKHOCTH O3HAKOMHTECA C ero paOoToH oO ee onvOmMKOBaHHA. 


Mockosckuit rocyapcTseHHEit yHuBepcHTeT Tloctynuso 
uM. M. B. Jlomonocosa 11 II 1959 


UHTHPOBAHHAS ‘JIMTEPATYPA 
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(1958). 7B. Ji. BouwBpyesny, B. B. TaacKo, AH, 124, Ne 5 (1959) 
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31, 522 (1956). 8 J. TW. JLaunay, KOTO, 34, 262 (1958). 1 I, M. Kor ai 
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Aornaagn Akagemun nayr CCCP 
1959. Tom 126, M3 


PH3SHKA 


A. E. PJIAYBEPMAH, B. B. BJIAQHMMHPOB u H. B. CTACIOK 


HCBAA SOPMA TIOJIAPHOM MOAEJIM KPHCTAJIJIA 


(ITpedcmaezeno-axademuxom H. H. Boeoarw6oeom 16 II 1959) 


1. B) MHoroseKTpOHHOH TeOpHH KPHCTaJIOB BeCbMa BaxKHOe 3HaueHHe 
iMeeT Tak HasbIBaeMad NOJAPHaA MOseNb (‘), B paMKax KOTOpol yyaetca pe- 
IJHTb PAX BOMpOCOB, CBASAHHBIX C MpoleccaMH MepeHoca B TBePAbIX Telax. 
}! Ilpu yyere nomsApHbix cocTOAHHH raMHJIbTOHHaH KPHCTasa B Mpescrapye- 
MMH BTOPHYHOTO KBaHTOBaHHA 3aMMCbiBaeTcA B Buse () 


' F , 1 * t a 
H =Uy-+ >) Ua, a’) atau + a >) Fi(a1,"d2, 01, 02) dig, di, a,’ (1) 


, = f) ¥ 
a,@ 4,"Ce,FC,, a," 4 


“We COXKHbI UWHIeKC &@ yKa3bIBaeT HOMep y3uJla PelleTKM, COCTOAHHE BaJIeHT- 
Horo QJIEKTpoOHa HM CIHH. 

IlpHHiunhalbHO HW MpakTHyeCKH BaxXKHOM ABJIAeTCA Tenepb PopMyIHMpoBKa 
poGsleMbI B TEPMHHAaX QJIeEMeHTapHbIX BO3OyKJeHHH (KBa3H4aCTHL) UH Nocsejo- 
BaTeIbHoe BbiJeseHHe YaCTH YTaMHJIbTOHHaHa, OMMCHIBAaIOWeH 3IeMeHTapHbie 
3030yxKJeHiA. B cBA3H C 3THM B OCHOBY MHOFHX TeopeTHyecKUX HCCeLqOBaHHui 
MO MHOFO3JIEKTPpOHHOH TeOpHu TBepforo Tela B NOMAPHOH MOJeNM Nosarasca 
metox IIJy6una — Boucosckoro (?). B pa3HbIxX BapHaHTax 9TOTO MeTOJa CYyLecT- 
BYIOT M10 Kpalinelt Mepe CJlefqyrollMe Tp 3aTPyHeHHA. 

| Bo-nmepBbIxX, BOMPOCbI, CBASAHHBIe CO CTATHCTHKON BO3OYKMeHHH, OCTAIOTCA He- 
iiCHEIMM. B o6bIuHOM BapHaHTe MeToja IlyOuna — Boucosckoro, B KoTOpoM one- 
iPaTOPbIl «TOKOBbIX» KBa3H4aCTHL, (HalpHMep, WBOeK MH AbIPOK B MOJeM aTOMHOTO 
{KPHCTaJla C OJHMM S-3JIeEKTPOHOM Ha KaXKJOM aTOMe) BBOJATCA KaK OllepaToppl 
lOo3seBcKOrO THMa, MOOKeHHE OKa3bIBaeTCA Cu3H4eCKH MaJIO YOBJIeETBOPH- 
IT@JIbHBIM. 

Bo-BTopbIx, MocJeqOBaTeIbHOe MOCTpoeHve FaMHWJIbTOHWaHa B OMepaTopax 
KBasHuacTHull TpeOyer COXRKHbIX KOHCTPYKTHBHBbIX MPHeEMOB, OCHOBAHHbIX Ha Ka- 
eCTBEHHBIX CooOpaxkeHuAx. DHIMHeMHbIe rpynnbl amity, Depmu nmpuxoyuTca 
BbIPaKaTb Yepes CYMMbI CJIOMKHLIX TPM HOBbIX Oo3e-ONepaTOPOB COCTOAHUA 
ysoB peulerku IllyOuHa — Boncoscxoro. Tak, HalpuMep, Aa ynoMHHaB- 
Welica MOJeIM aTOMHOTO KPHCTaJa NosyyaioTca 3aMeHbI TuNa (4,°) 


dg Og > Lo bqPaGa — Vad Po + gt OD 079,. ie One hy, (2) 


mie ®,, Y,, 59 p, — onepaToppl JIA JBOeK, JbIPOK, MpOCTbIX MpaBblx HM mpoc- 
TbIX JICBbIX Y3JIOB COOTBETCTBEHHO *. 

“Hakouell, (vit BbIeeHHA TaMHJIbTOHHaHa BoOsOyKAeHHH HeoOxog_uMo mMpo- 
BeCTH ycpeyHeHue 0 «pony», mp stom B Meroye I]yOuna — Boxucoscxoro 
IPHXOMUTCA MepeXOAHTb K KBa3HKJIaCCHYeCKOMY NIpHOJWKeHHIO Jit OnepaTo- 
POB (POHOBbIX COCTOAHMM y3/I0B (HallpuMep ?,, ~,) MW BBOAHTb cTaTucTuyeckue 


BbIPaXKeHHA He JIA MOJIHbIX UHCe PaccMaTPHBaeMbIX COHOBbIX COCTOAHHH, a 
B OTJ@JbHOCTH [JIA OlepaTOpoB PoxKLeHUA HW YHHUTOXKeHUA STHX COCTOAHHH (3—*). 


* HanomauM, uTo B cumBouuKe II]y6una— Boncosckoro onepatopbl ¢ KpecTramu u 6e3 


KPeCTOB MMEIOT CMBbICJ, OOpaTHbI OObldHOMy. 
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Bee STH 9sTallbl He OGsamatoT MOcTaTOUHOM ACHOCTbIO c OOuleH KBaHTOBOMeXa:| 
HHYeCKOH TOUKH 3peHHs. 

B cass C H3u10%KeCHHBIM Ipey[craBJiner MHTepec pa3spaOoTKa HOBO opMb 
TeOpHH, He OGsafaromleli OOcy2KeCHHIMH BbILe HeOcTaTKaMu *. 

2. PaccMoTpuM Jaq MpocToTs! aTOMHbIM KPHCTaJJI C OJHHM BaJIeHTHbIM 
S-9JIeKTPOHOM Ha KaxKJOM aTOMe H IIPOWJIIOCTpupyeM Ha 9TOH MOJeJIM HO: 
BYyIO CXeMy Tlepexoya K TaMMJIbTOHHaHy BO3OyxKAeHHH KpucTasa. Ec Mb 
OrpaHHYHMcA TOKO S-COCTOAHHAMM 9JIEKTPpOHOB, TO BO36yxKeHHAMU Oyy1) 
meoliku u _pipKu. [lpouspeqem KaHOHHYecKOe MpeoOpasoBaHHe olepaTOpor 
Pepmu, BXOAAMUX B raMHsbTOHMaH (1), culeqyioulero Baga **: i 


~ + 
Oz, aa Aad - BiB, ag), = AxXq fe BoB, (3 
4 + { 
Qe, = Ary + BPG, Ag—1), = Az%q + B28, , 
rae A,, B,, As, Bz —BelUleCTBeHHble YHCJIa, ONepaTOpbl at O6osHayaloT POrKTeHHEll 


WBouKU Ha y3ue g, onepaTopHl B7 — poxkenHe TbIPKH Ha yale g UT. J. 
V3 nepecTaHOBOUHbIX COOTHOUIEHHH JJIn (epMHeEBCKHX OMepaTOpoOB a 


ata! + Away == Sac’ (4 | 
MW yYCJIOBHA COXpaHeHHA NOJIHOrO YHCJIa JJIEKTPOHOB 


Dr ei la NE ie eS ae (5) 
$ q 


pH yyere COOTHOWeHHH 


Pht tome: 6) 
q q / 


rye M o6o3HayaeT uvcIO NpocTbIxX NpaBblx y3si0B, L — uvcso MpocThlx JeBbIxX} 

y3I0B, a S—uncylo ABoOeK, paBHOe HCY JbIPOK, Mbl Nomyyaem cucTeMmy. 

ypaBHeHH JIA oNpeyesenuaA KooduyneHTOB MpeoOpasoBaHua (3). 
PemlenHe STO CHCTeMbI pH coOmo,eHHu ycOBUA 


M+L+2S=N, (7) 
rye N —uncio aTomos (y310B) B pellerkKe, Moulyyaem: 
ae 25 n 2 —s Dies m 

1 Se gee Le ae ceases ‘8 


re m W mM — KOHIeHTpallH (POHOBBIX COCTOAHHH y30B: m= M/N, n=L/N. 
KoniexTpalla 7 WM MOryT TpakTOBaTbCA Kak (POHOBbIe KOHIeHTpalluH Mmpoc- 
TIX paBbIX H MpOCcTbIX JIEBbIX y3JIOB (T. e€. B OTCYTCTBHe BO30yKeHHH), 
Tak Kak, COrlacHo (8), KOIPPUUMeEHTHI MpeoOpasoBaHHA He 3aBHCAT OT HOPMH- 
POBKM KOHILeHTpalul m un. 

OkonyaTeJIbHO MpeoOpasoBanue (3) mpHoOperaeT BUT 


Oe ae Aad + BB, oan = Bog — Ag, 

ag, = Aa, =i BBr, Qg=i, = Bag = Age | 
- mn ae m 

A=V wy Be VS 


O6pamlenve nosyyeHHbIx PopMys faer 


+ _ aot + - ; 
tg = Ady), + Bags, Bg = Bag), — Ady), (10) 
%q = Ady), + Bag_s,, tq = Bat, —Aax,,, 


oTKyfa yume BuseH yuer ocoOeHHocTH (oua.} 


* HekoTopble movlo%KkeHHuA Mpesiaraemoro HOBOrO MeTOJa ObIIM M3/102%KeHbI OJHHM 3 Hac 
Ha II Bcecowsno koncepenunu mo dbusuKke AMaMeKTpHKoB (°). 

** Tak Kak Mbl O'paHWUHJIHCb S-COCTOAHHAMH, TO CIOKHEI HHIeKC & CBOMUTCA K yKa3aHulo 
y3ua gq ucnuHa +1/2. 
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Ilpeqiaraemaa cxeMa yOBNeTBOPHTebHO pelllaer BOMIPOCHI, MpelcTaBsAto- 
Me 3aTpyAHeEHHA WIA OObIUHOrO MeTOJa. OnepaTophl MOMAPHBIX BO3OyxKTeHHH 
MBOUKH HM JbIPKH B HallleM NpHMepe) ABAAIOTCH OMepaTopamu cbepMueBCKOrO 
| ma, MpoOsema ycpeyquHenua no cbouy peliiaerca cpa3y B TepMMHaX KOHIeH- 
pee, HaKOHell, NOCTpoeHve TaMHJIbTOHHaHa BO3OyKeHHH OCYULeCTBAeTCA 
PBTOMATHYeCKH HM MpocTo Mp MOMOMM NpeoOpasoBaHHA TaMusbTOHMaHa (1) 

praacHo (9). 
| Jina wsuioctpaltun: paccMoTpHM 3afauy 06 aTOMHOM MosynpoBosHHKe, 
(OMEILeEHHOM B CKpelleHHble nos (F || OY, H || OZ), paccmorpeHuyto panee mo 
etony UWyOuna —Boxcoscxoro. IIpeo6pasopanue (9), Mocle HeCIOXKHBIX BbIUH- 
pleHHH HeNOCpeJCTBeEHHO NPHBOAMT K TaMHJIbTOHHaHy BOsOyxKJeHH Bua 


H 5000 = eF DR (aif — 7 By) + up =—* [NN — ») (xi a%4 + BF.) | + 


Nd 


I 


4 ; + + + + 
+ 5 (AFT) Di(a7% + BFBq) + D) Lag’ (4 %q — Ba Ba’) (11) 
as 17, 

3 #9 

'TipHOM2xKeHHM, B KOTOPOM OTOPOUIeHbI, KaK MaJIble, WIeHbI, OMMCHIBAaIOUe 
J3aHMOjleHCTBHe KBa3HYaCTHL, HHade TOBOPA, CYMLECTBEHHO HCMOJIb30BaHO yc- 
JOBHe MaJIOCTH uNCa BOs6yxKTeHHH. Ecuim Qa COHOBBIX KOHUeHTpallu uc- 
OJIb80BaTb OOJIBTUMAHOBCKHe BbIPaxKeHHA, TO 


Den) 5p ee (12) 
m+n kT 

omepatop (11) 6yyzer ormuuaTEca OT NOsyYeHHOTO B TOM X%Ke «KBa/,paTH4HOM» 
puOlmxeHHH B MeToze Ily6uHa — BoucoscKoro Mmocie ycpeqHeHHA 0 (po- 
y (°) Tem, 4TO TOKOBbIe BO3OyKXeHHA — JBOMKH UM AbIPKH — ABMAIOTCA cep- 
HOHaMH, a He O6030HaMH. 

IIpeqaraemaax cxema o6safaeT OOUHOCTbIO B TOM CMBICJIe, YTO MOSBOJAeT 
ACCMOTPeTb MOCeOBaTeEbHBIM OOPa3s0M H CHMHOBO HaCbILeHHbIM oH («THI 
fepMaHua»), CMelUaHHbI (oH, YTO HHTepecHO WIA TeEOPHH MIPHMeCHbIX MoJy- 
/POBOLHHKOB, H MO3BO/IAeT MPOCTbIM OOpas0M YUeCTb SKCHTOHbI. OKCHTOHBI 
p PeHKeJIA, ECTECTBEHHO BBOJAMIMeCH Np pacCMOTPpeHHH BO3OyXeHHbIX 3JIeKT- 
J OHHDIX COCTOAHHH, HaMpHMep p-cocTOAHHM Hapsy Cc S-COCTOAHHAMM B HallleM 
|puMepe, UMeIOT «KBa3HO03eBCKHM» XapakTep, T. €. YOBJETBOPAIOT OObIUHBIM 
|paBMulaM MepecTaHOBKH JIA O03e-ONepaTOpOB JIMWIb MpHOM2KeHHO C TOU- 
OCTbIO JO YICHOB MOpAyKa KOHUeHTPalluH BosOyxeHHH, 4YTO HaXOJUTCA B 

TiacHH C OOULMMH TeopeTH¥ecKHMH CooOpaxKeHHAMH. 


) 


l 


il 
1 
I 
it 


JIbBoBCKHH] TocyapcTBeHHbI YyHMBepCHTeT Tloctynuio 
| um. Msana O@panKo 12 I 1959 
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Jornagn Akagemuun nayr CCCP 
1959. Tom 126, N 3 


Il. M. KOPAH 


O TEMMEPATYPHbIX KBAHTOBbIX ®YHKIUMAX rPHHA 
(ITpedcmaeneno axademuxom H. H. Boeoawbosom 16 II 1959) 


Opek THBHOCTh MeTOZa KBaHTOBHIX (yHKWHH Mpuua (*) B mpuMeHeHHyH K Mpc! 
6JIeMe MHOFHX Te ROCTATOUHO XOPOIO MpOeMOHCTPHpOBaHa B psxe pada 
?-"). [la uccmeqoBaHuA TepMOAMHAMMYeCKUX CBOHCTB KBaHTOBbIX CHCTE|| 
cileqyer OOOOWMTb yKa3aHHbIlt MeTOA Ha CHCTeMbl, HaXOJAllHecA Mmpu mpons| 
BOJIbHEIX Temnepatypax T > 0, J\ia KoHKpeTHOcTH OyJeM MMeTb B BHI} 
KBa3H3aMKHYTYIO CHCTeMy CepMH-YaCTHL, C SICKTPOMArHHTHbIM B3aHMOJeHCc)| 


BHeM. OyHouacTH4HOH dyHKuHeH [puna Ha30BeM BemH4HHy (cM. (?%)) 


G(x, y) =i<T (x) YY), (| 


re x uw y — 4-TouKH; (x) — relizeHOeproBcKH OnepaTop MOA; CKOOKH ¢...>=| 
=Sp{exp [Q -+- uN—H)/RT]...} O603HauaioT ycpeqHeHue MO KaHOHMYeCKOMy a} 
camO10; Q =— kT In Sp{(uN—H)/kT}. 

KpaHtosple dbyHkuau [puna Tuna (1), KoTopple MbI GyeM HasbIBaTb TE MT E| 
paTYPHHEIMH, OTMMUAaIOTCH OT OOBIMHO HCMOMb3yeMbIX (KBAKYYMHBIX)} 
XapakTepoM ycpeqHenua T'-mpon3sBeqeHHH onepaTropoB nogeH. IIpu T—>} 
OHH MepeXOAAT B OObIUHIeC BAKYYMHbIe (PyHKWHN puna. B otmuune oT PyHKUN! 
[puna, ucnoub30BaHHbIx ManyGapa (3%), TemmepatypHble dyHKunu Tpuna 3¢) 
BUCAT OT BPeMeHH, a HE TOJIbKO OT OOpaTHOH TeMMepaTypbl. ITO OOCTOATEMbCTBE 
CYI[CCTBEHHO IIpH HCCeOBaHHU SHEPreTHYeCKOrO CIeKTpa KBa3HUAaCTHIL CHCTE) 
MbI. OHO *Ke ympoulaeT BLIYUCeHUA, TAK KaK MHTeErpHpoBaHHe NO yeTBepToO| 
MI€p€MeCHHOM MpOW3BOANTCA B HalIeM cly¥ae BCIOAY B OecKOHeYHHIX Mpezenarl 

@ypbe-oOpas cynkuuu Tpuua no mpocTpaHcTBeHHbIM KOOpAuHaTaM mp} 
t=x°—y°>0 paseo (A =c = 1) 


G(k, t)= i>\o, <n lapeg “apne @@ 0) 


rye an MW Qg — OepaTOPbl pOwPCHUA WU YHHYTOMeCHUA KBa3MYaCTHIbI C MMIYyJ t 


( 

com k; |n>—coOcrBeHHoe coctosuve H; w,=exp[(Q+yuNy— E,)/ RTS 
Hlornyctum, uro mpu t = 0 cucrema (N, +1 uvacrum) Haxoqutca B cocTosh 
HH at | >, KOTOpoe BOSHUKaeT 3 | 12> JOOaBsIeEHHeM OMHOM yacTHUbl Cc MMILYdJI 
com k. Ecam cucrema [BM2KeTCA KaK HeantbHO 3aMKHYTas, TO aMmuTydi 
BEPOATHOCTH OOHApyxXHTb ee B MOMeHT ¢ > 0 B HavasIbHOM COCTOAHMM paBHi 
<n | aye—Htaxt | n>. C Apyrou cTOpoHHl, ecm Ob pu ¢ = O cucrema Haxoyunach 
B |/>, TO aMaHTya BepOATHOCTH OOHAPy2KHTb ee B MomeHT ¢t B |n)> Opina 6f 
papoa <n|e—Ht| ny — e “Fo! Bennuuna 


Pa(k, t) = <n| aye az [n> / <n| e Iiny 


lipefcTaBaeT coOoM aMNJIMTyAY BOMHOBOTO MakeTa, OTBeUAIOlero KBa3sHuAaCTHD! 
Cc umiybcom k B cocrosunu |n>. Ilpu mepexoge or ugeambuo 3aMKHYTO' 
K CTATHCTHY€CKOH CHCTeMe B Kax]bIi MoMeHT ¢ >O cpequaa («BH MMas} 
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|AMILIVTY a [BH2KCHHA KBaSHUAaCTHIbI paBHa >) OnPn (k, t) = —iG (k, t). Mosromy, 
PCIM OKaxKeTCA, uTO NpH t > 0 
G (k, t) ~ exp (— isgt —T;f), (2) 


Hiro ©, MMeeT CMBIC] yCpeqHeEHHOH SHeEpruH KBasHuacTHUbl, a T,—ee ycpen- 
PHeHHOrO 3aTyxaHua. Bennunubl eg u Ty He HMeIOT, BOOOMe TOBOpA, YHCTO 
EMHamMuyecKoro CMbICIa HW 3aBucaT oT T u pv. SaMeTHM, YTO 3aBHCHALMe OT 
reMIepaTypbl OMHOSJIEKTPOHHbIe YPOBHU (HM YaCTOTH) KOJICKTHBHBIX BOsOy2K]e- 
Mil) PakTHYeCKM OUCH YaCTO paccMaTpHBaIOTCA, HaNpHMep B Teopuu TBepsoro 
rena. Hacrosmjee paccMoTpeHie ycTaHaBsMBaeT TOUHDIM CMbICJI COOTBETCTBYIO- 
inero ycpeqHeHus. ; 

_ C nomombio @yHkuuH 


o(k, E) = dyon| <m| at | n> 28 [E — (Em — En)] 


Ho (k, t) MoxHO MpefcTaBuTb B BHze 


ying , wR 
hang \ o(k, E)e “= dE (t > 0), 
Gh) | | (3) 
ai \ o(k, E)e“—=)/*? ot aE (t < 0) 
| ( 
Orciojla CNEMVeT, YTO AWA BeWLeCTBEHHDIX @ 


ImG(k, ©) ="/2p(k, @) {1 —exp[(u—o)/RT}}. (4) 


Tlocnequee cooTHouleHve mostyyeHo panee JI. JI. Jlangay (3%) C no- 
momlbio (3) uw (4) ycTaHaBlMBaeTCA CBA3b Mexyy G (k,@) HM crleKTpoM 
KBasvuacTul. ~Ecuu G(k, m) comepxKHT 3HAMeHAaTeJIb BHAA @—ex-+in, rye 
m—-+ 0, To p(k, £) umeer 6-o6pasnbii nuk upu E = gy, G(R, t) ~ exp (— (et) 
HM YCPpeJHeHHad SHEPIMa KBa3MYACTHUbI C MMIyJIbCOM k paBua &g, a 3aTyXaHHe 
OTCyTCTByeT. TloceqHee BosHuKaeT, Kora nMK dbyHkuun e(k, LE) npuoOperaer 

oOHeuHy!Io wHpuHy AE,> 0. Jeticrsurenbuo, mpu t > 0 

co 
|G (k, t)/? = 2\ coset (h, &) a8, (5) 

0 
rye J (Rk, &)\— «autTerpay mepekpbiTua»: 

Hep 

I(k,£)= | o(h, £)p (k E+ 8), 
i Se, ~ 
KOTOPbIM 3aMeTHO OTIMYeH OT HYIA Tub mpu || <AE,. Vs (5) cnepyer, 
Hro mpu t> AE’ mopynp |G(k, t)| satyxaet c poctom t. Ecau G(R, @) 
MeeT Tlosuoc B TOUKe w = e&—il,, TOAE, =Tx, U UpH t>T; bynxuusa 
MeeT Buy (2). B oOulem xe Cyyae HET OCHOBAHHH YTBEpKAaTb, ITO 3aTyXaHHe 
qbyHkunn Ipuna G(k, t) (qaxe pH Oombuimx ft) WMeeT MIpCCTOM SKCMOHeH- 
WHaJIbHbIM BUI. . 

B Jambueliiiem Jd OnpeyeseHHocTH paccMOTpHM cHcTemy depMu-YacTuL 
3JIEKTPOMarHHTHbIM B3aHMOJeHCTBHeM. Y 

C weubio NOyYHTh ypaBHeHuA JIBMOKeHHA JIA TeMMepaTypHbIX *yHKUnh 
[puna Bocnoub3syemca PyHKWHOHaJIOM 


SJ, 9). = <P. {exp (i \ Lua (x) dx), (6) 
qe 


Lea (%) = 0) 9 (2) +904) 0(%) + Ju) An); 
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J, wu 1—Kslaccvyeckue NCTOUHUKH GosoHHOrO HM depMMOHHOrO nose coornem 
cTBeHHO (y M 4 aHTuKoMMytupywr cb Hu $); A, = {— ®, A} — 9ueKTpomar-| 
HTHBIe NoTeHUMaII. DyHKMOHas (6) ecTb KAHOHNYECKOE CpeyHee OT S-MaTPUIIEl,| 
OMNVCbIBAaIOWel 2BOJIOIMIO CHCTeMbI B pe3YJIbTaTe BKJIOYCHHA HM BbIKJIIOUCHHS| 
BHEWMHUX MCTOUHHUKOB * (pH STOM «BHYTpeHHee» B3auMOJelicTBHe Hint, BXOMALLEE| 
p H=H,+ Aint, upeqtiomaraerca Bce BpeMaA BKMNOYeHHDIM). JlerKO BbIpasuTE| 
G(x, y), cpequuli («3a9KpaHUpoBaHHbii») norentwan A, (x) = <A, (x)> 4 6030H4} 

ps ' 
Hy!o dyuKuuto Ppuna Div (x, y) = — dA, (x)/dJy(y) B Bue PyHKUMOHAJbHBD| 
mpouspoguelx or S(J,y).. [lpunHumaa 3aTeM BO BHHMaHHe ypaBHeHHA Jus 
relizeHOeproBcKux olepaTopos Noma, momyyaem (F (x) — onepatop 7\upaxa):} 


(F (x) —ey,Ay + ier, 8 / bu (x)} G (x, y) = (x — ¥)s (71 
DA, (x) = @ Sp (1,86 (x )) + Ju); (8| 
OC Duy (x, y) = — ie Sp (7,8G (x, x) / Jy (y)) — Suvs (xX — Y). (9 | 


Bsoga o6bmyHbIM OOpasom BepuiMHHbIli ([,,), Maccoppii (M) u nomApH3allHOHHBlh, 
(Puy) OMepaTopbl, HaxXO,MM: . 


(F (x) — ew. (2) G (x,y) +\M (x 2G yde=3(e—y)s (10 
D1 Dyv (5 9) =| Pu (¥, 2) Dyo (2, y) dz — Bud (x — 9). (11) 


Temnepatypa HW XMMMYeCKHH NOTeHUMaJ BXOAAT B 9TH YpaBHeEHHA B KayeCTB¢ 
Tlapamerpos. Mp o6s3aHbl MoTpe6oBaTb, uTOObI B Npefese Hint —>O pelleHny 
(10)—(11) nepexoguam B HeBosmymenuble pynKuan Tpuna G u D®, Kotopntt 
CUHTAIOTCA H3BECTHbIMM BIIIOTh JO 3aBucHMocTH ux or T u p. B yacTHOCTHE 


G (k, w) = 1 {toe si aoe at (12| 


~ (nt 1 o—e, + in @—e,—in 


rye n(k)—cpequee yvcno 3anouHeHHA COCTOAHUA C SHeEprvel fe, aBaeMoe 
pacnpeyenennem Depmu. SapucumocTb nomHbIx dyHKunh [puna or T u 4} 
BXOJMT, Takum oOpasom, yepes G wv D® —curyanus, oObHad B cTaTHCTH) 
yecKOH (pu3HkKe. 

B cucTemax C IIpsMbIM TapHbIM B3auMojelicrBuem U (x, y) MexKyy YacTHlaMl| 
MOXHO, B COOTBETCTBHH c (15), BBecTH NoTeHuMat A(x), HeBOSMYIIeHHa!} 
cBepTkKa KoToporo paBua U (x, y)/e?, W BOCMOMb30BaTbCA (POPMaJH3MOM, pa3BH| 
TBIM BbIe. Ho MoxKHO TakxKe MOMYYUTh Wenouky 3allenlMAIOMLUXxcHA ypaBuenni| 
qua N-vacruunpix (N = 1, 2,...) remmeparypupix dbynkunit Ppuna. Ira ypaBi 
H€HMA aHaJIOTMYHbI ypaBHeEHHAM JIA OMHOWACTHYHOM, AByX¥aCTHUHOH U T. i 
MaTpH MloTHocTH (1°), 

Zlonyctum, uto Hint = Ghint, roe hint 3apaga g He cofepxKut. Torfa cABU! 
TepMOAMHAaMMYeCKOrO NOTeHUMasla | 


Per \ 
AQ=02— Qgno = \ Hin? (13 
0 
Tloqcrapaaa ciofa BbipaKkenue Aa Hint, HAXOUM: 
g 
AQ = — \ < \ d*x 8 (x°) g’ {Sp (7, iG (x, X)) + Ju(x)/g'} Ay, ola 
0 


g 
siete \ a \ d4x d4y 8 (x°) Puy (x,y) Dvu (y,x). 
0 


u 


* Anasoruquaa S-marpuua paccmaTpuBavlach Tak&Ke, nanpumep, B pacote (14). 
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Tlocequut wien B (14) mMoxkHO 3anucaTb B SKBUBaJIeHTHOM dopme 


ae 
i \ | atx d4y 3 (x°) Sp (M (x,y) G (y, x)). (15) 


|| @opmyna (14) cBsaspBaer TepMo_uHamMuMyecKkHe cbyHKuNH c (cbyHKWHAMH 
\ pura. 

_ PasnoxeHua TeopHM BOSMYyeHH, Touyyaempie c momombio (10), (11), 
copnajaioT 10 opme c obplynbimu. Kaxkyjomy aieny paga qua, M, P bynKxunit 
(puna u AQ morxxo conocTaBuTh cefiHMaHoBcKHH rpacb, JIMHuAM KOTOporo 
DTBeYaIOT (PYHKIMU paciipocrpaHeHua G uv D®, sapucamue or T 1 uw. Unenpi 
paja gua AQ onncpiBaioTca cBxASHbIMA BaKyyMHbIMM rpadamu. KaxK uspe- 
cTHO (*§), quit BCeX ypaBHeHHli Tuna ypaBHeHul IllBunrepa, HesaBucumo 
DT UX PusHYeCKOH MpHpoybl, cyMecTByeT rpyNla MyJIbTHMNMKaTHBHOH peHop- 
IMMPOBKH. ITO MO3BONAeET YJIYYLIHTh TeOpuio BOSMYyIeHHi. 

Ecau (byHKUHOHaJbHbIM XapakTep ypaBHeHUl Aa byHkuui [puna «yHuyro- 


KUTb», Nosaraa D=D® un Ty (p, q) =,» TO MomyyeHHoe mpHOnmKenue 


PKBUBAJICHTHO TIpHOuMxKeHMIO Xaptpu — Moka, o6oOuleHHoMy Ha T > 0. 
Uiszectuo (*, 5), uro Tak Ha3bIBaeMOli Nia3MeHHOH alllmpokKcuMalluu, Kora 


IPuy(x, y) Seperca B TepBoM Hencuesaiomlem npuOmwxKeHuH, T. e. G = G, 
(u=%,» OKa3biBaeTCA MOCTaTOUHO JIA BBIUMCJIeEHHA [a3MeHHBIX 4acTOT. 
‘BB padote B. JI. Bony-Bpyepuya u aptopa(?*) ata anmnpokcumalua Opia 
MCHOJIb30BaHa JIA NOMTyYeHHA CHeKTpa Ila3MeHHbIX YaCTOT B 3JIEKTPOHHOL 
ma3Me C JiOOOH CTeNeHbIO BLIPOXKAeHHA HM MOOOH AHU3OTPOIMeH U309Hepre- 
?WHyecKHX MoBepxHocTeH. HerpyqHO 3aMeTHTb TakKxKe TO BblUNCIeHHe AQ 
B IJla3MeHHOM TIpHOWKeHHH SKBUBAJIEHTHO pHOmHxKeHUIO Teni-Mana — Bpak- 
mepa — Casaya (7°), o6o6mleHHOMy Ha Iipov3BoJIbHble T. ; 

B 3akm0ueHHe aBTOp BbiIpaxKaeT CBOIO UCKPeHHIOIO IIpH3HaTeJIbHOCTb 
JI. Boxu-Bpyepuyy 3a mpefymoxwKenve TeMbl HacTosilero ucculIeqoBaHHaA, 
(PAN WeHHBIX COBeTOB MH OOcyxKeHHe pe3syibTaTOB paOoTHI. ABTop Oarojapex 
Wakay. H. H. Boromo6opy 3a BHuMaHHe K paoTe. 


Mockopckuit rocyapcTBeHHbIit yHuBepcuTer Tocrynusao 
um. M. B. JlomoHocosa 2 II 1959 
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JMoxnagn Akagemuu nayrk CCCP 
1959. Tom 126, Ns 3 


PU3HKA\ 


M. C. JIMBLUMY 


MPOME)KYTOUHDIE CHCTEMbI B KBAHTOBOM 3JIEKTPOAMHAMHKE} 


(ITpedcmaenexo akademuxom H. H. Boeoanboswm 15 I 1959) 


Onupasch Ha NOHATHe O MPOMeXYTOYHOM CHCTeMe, MbI B HaCTOAIeH CTaTbe 
HaXOJHM BbIPaxKeHHA JIA MATPHUHbIX JJIEMCHTOB Pa3JIMUHbIX MPOLMeCccOB B KBaH- 
TOBOH 9JIeKTPOLMHAaMHKe. 

PaccmMorpum paccesHve JBYX CBOOOHBIX YAaCTHIL A; H G2 (POTOHOB, 3/IeEKTPO-| 
HOB HJIM MO3MTPOHOB) H AOMycTHM, 4TO pacceAHHe MpovcxosuT no cylesyroulen) 
cxeme: 1) Ha nepBoM 3TaNe MpovCxOANT HCUeSHOBeHHe YaCTHIL Ay HW A2 pW OJHO-| 
BPe€M€HHOM BOSHHKHOBeHHH TpoMexyTOYHOM cucTembl C (a;’ + a2’—>C); 2) Ha 
BTOPOM 9Talle MpoMexkyTOUHaA cucTemMa C ucuesaeT H BOSHUKAIOT YaCTHIb! B 
HOBBIX COCTOAHHAX (C—a,” + a2”). q 

B Hawiux mpefpiyyuyix paOotax (1°) 6bwio moka3aHo, 4TO NoBefeHHe MIpo-f 
M@XKYTOUHOH CHCTeEMbI, H€3aBHCHMO OT €€ KOHKPeTHOM MpHposbl, MO*KeT OBITS, 
ONHCAaHO C MOMOLIbIO COOTBETCTBYIOMeErO HeCAMOCONPAXKeHHOFO ONepaTopa Bua 


Hd = Ab—s Di (db, ea)ear (1)) 
a= 


rye A —92PMHTOB oOnepaTop SHEPrHH «3aKPbITOTO ALHKay; eg — KaHaJIOBble| 
BeEKTOPbl, CBA3AHHbI€ C BeEPOATHOCTAMM paciafla u OOpas0BaHHA MpoMexyTou-| 
HOM CHCTeMbI MO pa3JIHUHbIM KaHaslam. Matpulla pacceanua (B CHcTeMe WeHTpa 
WHepuuH) onpefensetca chopmysoh | 


S(a!, a”) = 8(0' — a") + (HH SWI) eae0"), (2'| 


rye) W —asHeprua CHCTeMBI. 

OJHMM M3 BaxXKHbIX NPHMePOB NPOMEXKYTOUHOH CHCTeEMbI MOXKET CJYKUTH| 
COcTaBHoe Apo, oOpasyrouleech B HEKOTOPbIX AePHbIX peakUHAX. OsHako} 
NOHATHE O MPOMeXYTOUHOM CHCTeMe 3HaYMTeJbHO Wupe: WA cupaBesuBocTH| 
dopmyu (1), (2) He O6s3aTeNbHO, UTOOLI BPeMA KUSH MPOMExXYTOUHOM CHCTeMBI 
OblWwIO BeHKO HH UTOOLI, CormacHo runoTese Bopa, ata cucTema «3a6biBaua» 
O NyTH, Mo KOTOpoMy OHa OOpa3oBaslacb. Hue OyfeT noKa3aHO, uTo dop-| 
Myst (1) u (2) NpHMeHMMEI K ABJICHHAM KBaHTOBOM S/eKTPOAMHAaMUKU KM MIpH-| 
BOAT K MPOCTbIM BbIPaxKeCHHAM JIA MATPHUHBIX 3JIeEMeHTOB. 

®opmyant (1), (2) crpaBeQWIHBbI KaK JIA CHJIbHBIX, TaK M JIA cuaOpIx B3a-} 
uMofelcTBuk. B nociequeM CJly¥ae KaHaJIOBble BEKTOPb! JOMKHbI ObITb MaJIbIMH| 
MO BeIMUMHe H, CJleAOBaTeIbHO, CYMMa B MpaBok uacTu Popmyvpl (1), BeIpararo-| 
Wai YHCTO MHHMYyIO uacTb onepaTtopa H, uMeeT BTOpOoH MopsAyoK MaviocTH. 
Orciofa JlerKo BbITeKaeT, YTO BTOPoe MpHOmuxeHne S®@ matpuun paccesuua S| 
ompefemaerca cbopmysnoli ' | 


SUV (a, of) = TRE Wiegmann (3) 


Ilepeijem K paCCMOTPeHHIO KOHKPeTHBIX ABNCHHii KBaHTOBOH 27eKTpOmH:| 
HaMHKH. | 
PaccetuHve MoToHa CBOOOAHEM SHECKTPOHOM. Ye-| 
JIOBUMCA OOO3HadaTb uepes p uM Rk Kak YaCTHIbI, TAK MU UX UYeTbIPeXMepHBIes 
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|MMYJIbCbI; BUPTYaIbHbIM S/IeKTPOH M ero YeTbIPeXMepHbIi uMMybe Oyfem 
(pOsHauaTb uepes f. B KBaHTOBOM 3/IeKTPOAMHAMHKe Ip BbIYHCIeHMH COOTBET- 
sBylolleli MaTPHIbl pacCCeAHHA BO BTOPOM NPHOMHKEHHM YUHTHIBAIOTCA CuelLy 10- 
Ae BO3MOXHbIe MyTH Mepexoya H3 HavasIbHOrO COCTOAHHA B KOHeUHOE: 


le p’ HR’ — fi p+ Re nue p’ + ls! fm + bk! + k’ — p” + EA 


Ha nepBom lyTH oOpasoBaHne MH paca BUPTYaMbHOrO SJIeKTPOHAa HaXxoAAT- 
B COriaCHH C HallMM MpelcTaBJIeHHeM O TIPOMEXKYTOUHOH CHCTeMe, HM MbI MO- 
TOMY JWI NepBoro NyTH MOXKeEM BOCHOMb3OBaTLCA chopMywiamu (1)—(3). Bro- 
pi MyTb (POpMaJIbHO MoOxXeT ObITh MOYYeH HS MepBOrO H3MeHEHHEM 3HakKa Bpe- 
lend coToua. Jl BuptTyaibHoro aeKTpoHa f; pa3JIM4HbIe KaHaJbl COOTBeT- 
WBYIOT Pa3JIMUHbIM HalpaBJICEHHAM OTHOCHTeEIbHOrO ABY2KeHUA CTAaJIKMBAaIO- 
huxca yacTHL, (sMeKTpoHa M *oToHa) HM UX NoNMApHsalluaM, a B cbopmynax (1), 
KpOMe CYMMHpPOBaHHA MOABAAeTCA MHTerpHpoBaHne (*) no napamerpam, 
PeMeIAIOWNHM STO HallpaBsenne: 


a 


~ 1 20 

ah) = Ad = z » \ \ (d, Ccuv) ecu dC; (4) 
UV=1,2 “1 6 

Sra = 8’ — 1) Fi(H— WI) ecw, Ceure)s (5) 


ye C(t,x), t=k,/|k|, y\= arctg (k,/k,). Wugexcnt p, v onpesenator mouse 
M3aluu 2eKTpOHa u (oToHa~*. 

[ina BbluMceHHst MaTpHUHbIX 97eMeHTOB 0 (bopmyse (5) Heo6xoqumo 
|HaTh onlepaTop Aw KaHaJIOBbI€ BEKTOPD! €zuy. UroObl HavTH 9TH BeJHUMHEI, 
PaCCMOTPHM COOTBETCTBYIOUIMH 3JIEMCHT MATPHIbl paccesHuA 


on rola dag e ae w| u' (2r)*8 (k! + p'—k—p"), (6) 
= 


SLIYHCICHHLI "BO BTOPOM TpHOJIM>KeHHM USBECTHBIMA MeTOLaMH KBaHTOBOM 
pJIeK Tp OMHAMAKH (4,5). B cucTteme weHTpa Macc 93TOT MAaTPHUHBI 9seMeHT 
mMeeT BHI (°) 
ie® WiWs i ae ai 7 —1%, , 
— oa —WI)e'su 7 
Bo Pay (27 (mB — WI) 2") w, 7) 


See — 


3 
Wi=[k TIE We= VP EIRP, = >) cate, 4 = 0. 


Tak Kak B3aMMOselicTBHe B JaHHOM CJly4ae ABJIAeTCA CaObIM, TO U3 pa- 
BeHcTB (3) u (5) cnenyer 


Spr = i((A— WI) eeu, ecru’): (8) 
Conoctapsiaa (7) u (8), Mbl Haiimem onepatop A M KaHaJIOBbIe BeKTOpbI: 
Amin, eww = V smear, el ® 
Onepatop H ompeyesnetca paBeHCTBOM 
i ec WiWe ad Zoo CSET 
Hd = mbb— 5 ag \ nah (wer) est, dC. (10) 


* B paGorax (1-8) MaTpuila paccesHuA BBOAUMacb KaK MpeoOpasoBaHne pacxoamuxcs 
BonH. B KBaHTOBOM dJIeKTpOmMHaMUKe ef OTBeYaeT KOMMMeKCHO conpsaxKeHHad BermuMHa S”. 


yay 


IlpousBelA BbIKJAaIKy , Mbl IOJJYYHM AIA Hu S BbIPaKeHhA 
er ie? Wy aig - 11 
H=m—-Z paw,” mB); . ( 


= . —1), 
7 77 ie? W We ney ie?Wy | ae 
Spar =3(' — 1") —35 pw é | m8 + Fea (W.— m8) — W Q@us 


B mpou3BosbHolt cucreme oTcueta S-maTpuilla HMeeT BHI 


Sram = (i — i") — “2 ER (fr) eu! (ny 8 (e+ p’ — Bp’), (18 
0) 


2V Tn lt 
rye 
if A — ie®p1 / 4m) — m (A —ie®pe / 4) , 
Oe m2 (1 — ie%p_ / 4m)? + f2 (1 — ie / 4a)? (14 
Asie m4 4 m? 
a=g— qr] a= 2+ F) CG 


Tlomuptlt MaTpHUHbIM 9IeMeHT C y4YeTOM BTOpOrO MyTH MMeeT BUT 


i pd — A a = WA A : 
ee le 2 (Ti) ea eek Che) eu’ | (27) 76 (k’ + p’ —k” — p”), (16 
2 V 0" 
re fp =p’ +R =p" +k", fy =p — kh =p'— Fk. 
if—m 
TakuM O6pa30M, 6MeCMO U36ECMHOZO GolpAdKeHUA ee HYICHO BHYMpeH 
HUM BACKMPOHHbIM AUHUAM epaduKoe Pelinmana cmaeumb 6 coomeemcmeu 
Le —m’ Pe tet ie? hee cal ie” 
CbLPAICeNUe — ran 20em' =m ees Za ee) = id — 01) — KomnaekcHon 


, 


«Macca» U KUMNYAGCY BUPMYANGHO2O aNCKMPOHA. 
Ha neppom yTu 3ameHa m uf Ha m’ u f’ HOCHT XapaKTep MaJouH mo: 
| her 
u 
m i 
m' —m e? —_ ee 
0<| 7=—"|< a H 0<|1 Nig’ Ha BTOpoM IlyTH MOryT CyIecTBO: 
BaTb HCKJIOUHTeJIbHbIe SHAYeHHA, MIA KOTOPHIX [?, = (p’ —k”)? = 0 u, ceqosa: 
T@JIbHO, Py = Pg = CO. OTKOHeHHA OT GopMyabl KwaetHa— Huuunp serud 
Bcero OOHAPy2XHTb BHYTPH y3KHX OOwacTel, coMepKallMX YyKa3aHHble  BbILUE 
sHauenun. JlerkO BHJeTb, UTO B CHCTeMe LeHTpa MHEPIHH UCKJOUHTeJbHBIT! 


IipaBkKH, TaK KaK BeJIMUHHbI H3MCHAIOTCH B WHTePBaJlad 


ne m? m2 1 
yrOJl pacceAxHHA YOBJIETBOpAeT YCJIOBHIO cos 8 = ———— +1. 


Pacceauue MO3HTpOHA H SAEKTPOHA JNeKTPOHOM. [Ipp 
paccesHHH NO3HTPOHa SJIEKTPOHOM MMEIOTCH, Kak wM3BecTHO (*,5), ABE BOs: 
MOXKHOCTH, COOTBETCTBYIOLMe JBYM rpadukKamM DelHMaHa: 


Lp pO gp + pO.) TT pi ps pier Gris Pe 


Syecb p, p\™ MW G—UETbIPEXMEPHBIE HMIMYJIbCbl COOTBETCTBEHHO 9JIeKTPOHa, 
MOSHTpoHa HM BHpTyaJibHoro d@oroua. Bupryasbupii oToH g; MOxHO pac 
CMaTpHBaTb KaK TPOMexXyTOUHy!IO CHCTeMy HM MpHMeHHTb oOOuHe copmys 


(1)—(3). Oneparop A Aus BupryambHoro oTOHAa MbI N10JIOX%KHM paBHBIM HYVIIC 
MO aHaslorud c dopmyiou A = m8 AA BupTyambHOro sneKTpoHa. M3Becruoe (°) 
BbIpaxKeHHe JIA BTOPOro MpHOMMKeHHA MaTPHUbI paccesHHA NOSUTPOHa 9dIeKT- 
POHOM Ha TlepBOM IlyTH uMeeT BU 


= (0'y;u’) (u"y;0") 


O)ig Sooper 
Beam ihr or 


8(p' +p’ — p"— p'™). (17) 
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» CHCTEME IEHTPa HHePIMH STOT SJIEMECHT BbIParKaeTCH paBeHCTBOM 
3 +e ie 
| Di O,u )qs 0,0”) 

2) , = — je? (Qn)? P| = 

S} =i" — 1é (2r) 4 cuit wl: (18) 
eA =0, VW =2V m+ \pP. 

Cpapuupaa papencrso (18) c cooTHoueHnamu (3), (8), Mbl BHM, 4TO 
aHaJIOBbIe BEKTOPbl MpefcTaBJAIOT COOOH TpeXMepHbIe BEKTOPbI e€z,y,) C KOM- 


er (2n)* |p|. , } ceeds iQ" 
OHCHTAMU eyo aD (j= 1,2,3; w,v onpezenmor NOJIApPH3allHu 


OsHTpOHa M SJeKTpoHa). 3Had omepaTop A HM KaHaOBble BeKTOPI, MOXKHO 
BNMCaTb BbIpaxkeHHe Awin-onepatopa H : 
1 20 


(HY), = — 72? [pl] | Dy Gefen) (uheno.) de (k= 1,2,3). (19) 


1) T,Usv 
I[pousBoya BEIKayky, NoswyuHM 
ie 2m? 
Ho = —|p|(1 + pa) ¢- (20) 
CoorpercrBylolad MaTpHila paccesHua B sm000l cucTeMe oTCueTa HMeeT BUI 
(o’y;u’)(u"y 0") 


eR eee ee & oe = , , a m1 
(pr + POY (pr + PO) SM sult > MWaeiae ate 


Bese = (0 — i") +i 


(21) 
ae 
an ie? 4m? 2m? 

o(p) 1-14 ar (i a (22) 
Tlommpii MaTpHuHbili suleMeHT C yyeTOM BTOporo TlyTH 3anuueTcA B Be 

. (0 ;2’) (0 ;0") (uy ;1’) (oy ,0” 

a) — fe TS (py! (a) _ p”_ "(nr 

p”) ee — pp” =p) | PP Fe — pp"). 
(23) 


}BKUM OOpa3s0M, 6AYMpeHHUM MOMOHHbLM AUKUAM BMeCMO UseeCMHOZO 6olpance- 
ia 1/p” cmagumca @ coomeemcmeue dynxyun 1/p?p(p), 20e p(p) onpede- 
Wuemca paeercmeom (22). 
|| Tax, nampumep, Aa pacceaHHA 9S/eKTpOHa Ha 9eKTpOHeE Nomyyaetca 
JATPHUHBIN SIeMeHT Bula 


(way ja) (U4) (utes) (Wart jy) 


| - 9 -2 Be PT I re ee ETF Pa “aS Bell 4 
te ve cee eer (P,— pa}* Fs |e Poakianes) 


€ Py, P,— Havasbuble, a P2, P,— KOHCYHbIe UMMYVJIbCbI 9/IeKTPOHOB. 
B mporuponosoxHocTh dyHkuuH |/p?, oOpattatomelica B G6ecKoHeyHOcTD 


up? =O, Hopaa doToHHad (PyHKUHA Ba). oOpallaeTca B HYJb pu p?=0. 


© OOCTOATEJbCTBO IIPHBOJHT, B YACTHOCTH, K TOMY, YTO MATPHUHBIH 3IeEMeHT 
} ) Bceryja HMeeT KOHeUHYIO BeJIMUMHY, B OTNMYHe OT COOTBeTCTBYlOUero 
Hoporo mpuOiMxKeHuA, KOTOPOe OOpalllaeTcaA B OeCKOHeyHOCTb JIA yrJIOB 
cceanua 8 = 0, m= (B cucTeMe WeHTpa UHepIiun). 


XapbKoBcKHH TopHbli Tloctynuso 
HHCTHTYT 8 VIII 1958 
UMTHPOBAHHAA JIMTEPATYPA 
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tem. HayK, 18, Bs. 1 (79), 3 (1958). *H. H. Boroaw6o 
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M. B. CHHEJIBHHKOB 


3JIEKTPOHHAA IMHCCHA C NOBEPXHOCTH YHCTOrO MOJIMB]EHA | 
NOCJIE OBJIYYEHHA JIJIEKTPOHAMU 


(ITpedcmaenexo axademuxom H. B. O6peumoesim 19 II 1959) 


Hactosuiaa paOoTa sABJAeTCA MpOOJKeHHeM HCCJIeLOBaHHA 9JIEKTPOHHO)} 
3MUCCHH C MOBEpXHOCTH YHCTOFO MeTaJIJ1a IPH KOMHATHOM Temnepatype, B OTCYT| 
CTBHe 3JIeEKTPpHueCKOrO NOJIA H B TeMHOTE. | 

OueKTpOHHaA 9MHCCHA C MarHHaA ONnHCaHa B padoTe (*). lopepxHocTH MarHy'| 
MoyYaucb JBYX- H TpeXKpaTHOH MeperoHKOH B CBePXBbICOKOM BakyyM 
1-10-° mm (qaBsleHve aKTHBHBIX Tra30B 10°" mm). Cpa3y nocie ucnapeHHa 9V1eK} 
TPOHHAA 9MUCCHA C MOBepXHOCTH MarHua cocTaBiasa 1 -10-'% au yMeHbIanac} 
mo 10-45 a uepes 3 cyTOK. DuepruA BbIXOAAWMX IeEKTPOHOB ocTHrasa 150 9)} 
uM Oovlblue. 

B wacrostleh paOoTe uccieqoBaslacb JJIEKTPOHHaA S9MHCCHA C NOBepXHOCT)) 
YHCTOFO MOJIHOJeHa B TeX 2Ke YCIOBHAX. OQKCNEPHMeHTaJIbHaa TpyOKa (cm. pure: |} 
43 MOJHOJeHOBOrO cTeKJIa JuamMeTpoM 40 MM cofepxKHT aeKTpon J, U3rOTOE! 
JIGHHbIN H3 MOJIMOCHOBOM MacTHHKM ToOuUMHOH O,1 MM uw muomaybio | cm‘! 
KOTOPbIH KPeNHTCAH Ha MOJIHOJCHOBOM BBOJe, H BOJb(PpaMOBbId KaTOA 2 HU) 
MIpOBOJIOKH AuaMeTpoM 0,1 MM. OueKTpo 3 mpedctaBseT Cobo HenpospauHbly 
NpOBOAAWHH CO MOIHOJeHa, KOTOPbI NoJy4HICA MpH UCNapeHHu MeTaJI 
c ameKTpoya / mpH ero mporpeBe. OnekTpoy / UMeeT OXPaHHOe KOVIbILO 4, KOTC) 
poe Cly2KHT [WIA yCTpaHeHHA BJIMAHHA yTeyeK No cTeKJTy npHOopa Ha pesyuJik} 
TaTbl H3MepeHHA MaJioro ToKa. JIA H3MepeHHA CBepXBbICOKOrO BakyyMa CJy 
2KHT MaHOMeTp 95, MpeycraBisiomml co6oH MaHomeTpuueckyio sammy JIM-2, § 
KOTOPOH BHeLIHHM KOJWIeKTOP 3AMeHEH MPOBOJOUHOH CMMpadbio, YTO Maer BO 
MOXKHOCTb H3Me€PATb CBEPXBbICOKHH BakyyM. JlaBjleHHe afcopO6upyemol Kon 
MOHEHTbI OCTATOUHOFO rasa B MpHOope OWeHHBaOCb MO CKOpocTH O6pas0BaH 
OJHOATOMHOrO CJIOA Ha MpefBapHTebHO MpOKaJleHHOM MOBepXHOCTH. } 

J\iA MpOBepKH YHCTOTHI HCXOAHBIX MaTePHaJIOB Obl MpousBeleH CieKTpasiy 
HbIM aHalu3 OOpasloB MOIMOJeHa HM BObippaMa, NPpHMeHABLIMXCA B Npudops 
Analu3 MlOKa3aJIl, B YACTHOCTH, MIA JIMCTOBOrO MOMMOZeHAa, M3 KOTOpOrO uB3re 
TOBJIAJICA SeKTPOR /, HaMUHe TOMbKO NPHMeceH KPeMHUA M BOIbcppama B Ki 
gimyectBe Jo 0,01 %. 

IlpuOop orkaynBaica Ha OObHOM BaKyyMHOH ycTaHOBKe mpu mporpely 
meuKolt 0 400°B reyenne 10-30 uac. Jlanee mpousBoquocb o6esraxKuBaHHe aie 
Tpogqa / pH mporpeBe ero seKTpOHHOM OomOapAHpoBKoH Jo Temnepatypi 
Havala UcMapeHuad MomMOeHa. OGesraxKHBaHve CUHTAOCb 3AKOHYCHHbIM TOJIbII 
Torgqa, Kora BakyyM B IpHOope HayMHad yJIyuaTbCaA No CpaBHeHMO c peer 
HbIM BaKYYMOM Judiy3HOHHOrO Hacoca 3a CueT COpOlMH rasa creHKamu mp 
Oopa, 4TO HaGvOfal0Ccb OObINHO Yepes 10-20 ac. nocue Ha¥ana O6e3raxKUuBAaHH 
Ilocae sToro mpHOop ornauBasica OT BaKyyMHOH ycraHoBKn. ITporpes anextpo,| 
/ TpH ero O6esrarxkuBaHuN MPOMSBOLMICA He B HEMPePbIBHOM PexKUME, KaK COB 
HO, a B MePpHOMYeCKOM: Yepes KarkKJple 0,5 MHH. 3IeKTPOM HarpeBasica Jo Mall 
CHMaJIbHOH TeMMepaTypbl HW MoMepxUBasicA MpH 9TO Temmepatype 6 ce! 
Takoe mepvosxuueckoe NpoKasMBaHe MpelcTaBAAeT pA MpeuMyulectB Mo cpal 
HeEHHIO C MpOKaJIMBaHHeM B HeMPepbIBHOM PpexKuMe: OGe3sraxKMBaHHe MetaJl.4 
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)POMCXOAMT Obicrpee MH B Ooee OAPONPUATHBIX YCNOBMAX, TaK Kak HakasleH= 
)pd MeTaJII BCera HaXOAUTCH B XOpolliem BakyyMe. Kpome Toro, pexKuM nepHo- 

4eCKOrO NPOKaJIMBaHHA JaeT BOSMOXKHOCTh CKOHCTPYHPOBaTb MpHOop c MUHH- 
JbHOH NO pa3sMepy CTeKAHHOL KONGOL, 6e3 ONaceHuA 3aMeTHOTO HarpeBaHH sa. 
eKJla OOOOUKH Mp NpoKamMBaHHH dvIeKTposa. 
| Hocne ornaiku npu6opa or orKauHol ycraHoBKH MpososmKaocb IpokaJiu- 
|aHHe aieKTpoga / (3aMKHyTbI KOHTaKTHI A u B puc. 1) B mepHomuueckom pe- 
[ume —uepes 3 MHH. NO 6 ceK. —c Lembo NOJyYeHHA CBepXBbICOKOrO  Ba~’ 
yyma. Iluranve. Hakala NpousBOAMNOCh Yepes CNellNabHbI pasyjenuTebHbIiA 
aKaJIbHbIM TpaHcdopmatop 6. Bpwio ycraHOB/eHO, YTO Mp HarpeBaHHH XOpoulo- 
OesraxKCHHOTO 9SeEKTPOfa MO TemllepaTypbl Havana ucnapeHua momnOeHa 


Mia 


est 
om 


- Puc. 14. Cxema mpu6opa 


HaONOMaeTCA MHTCHCHBHOe MOTVOWleHHe fra3a B MmpHOope, MpHuem CKOpOCTE. 
\ KauKH TaKOrO Mpollecca 3HaYHTeJIbHO MpeBbIlllaeT CKOPOCTb OTKAYKH HOHK- 
| 


wallMOHHOTO MaHomeTpa. B BblOpaHHOM MepHosMyeCKOM pexKUMe MpoOKaJIMBaHHs. 
€KJIAHHaA OOONOUKa MpHOopa MpakTuyecKH He HarpeBaslacb. Uepe3s 10-30 
jac. B MpHOope noulyydasicA BaKYYM, COOTBETCTBYIOWMH HHKHEMY Mpesely u3~ 
4€PCHHA HOHH3aLHOHHOrO MaHomertpa | -10°1° mm. B HanGouee OaronpuATHbIX 


ICHOBHAX BeCb mpolecc MOJLyYeHHA Takoro BaKyyMa, HauMHaA C OTKaUKH OT. 
iTMocepHoro JaBJieHHA, 3aHHMa oKoso 30 uac. M3mepenue JaBeHua al- 
lOpOupyeMoli KOMMOHEHTHI OCTATOUHOFO Ta3a MO MeTOLY «BCMbIXHBAaIOWeH HATH» 
TaKOM BaKyyMe Tak2Ke IIpou3BecTH He yJalocb, TaK KaK 3a BpeMA NopsALKa 
1000 uac. He OblIO 3aMeyeHO afcopOlMH rasa Ha YHCTbIX MeTaJMYeCKHX 
KOBEPXHOCTAX. TakHM OOpa30M, MOXKHO TOIbKO YTBepxKLaTb, YTO WaBJeHHe af- 
JopOupyembIx ra30B B TIpHOope Meublue, uem 1077? mM. Ilocae JocTuxKeHHA yKa- 
|AHHOrO BaKYYMa MpOON2xKalOCb MpoKaIMBaHHe SeKTpoa / B TOM xe NMepvo- 
LM4eCKOM pexkHMe JO TeMMepaTypbl, OM3KOH K Havaly ucnapeHuA MowHO- 
leHa, euje B TeyeHve 1000 yac., H BpeMA OT BPeMeHH MpOM3BOAMIOCh H3Mepe- 
(M€ 3JIEKTPOHHOH SMMCCHH. 
Jina u3sMepeHus aieKTpoHHoro Toka BemMunHOH 10°77~107"4 a Opin uc- 
NOb30BaH JIAMMOBbIN 2JIEKTPOMeTP COOTBETCTBYIOMeH UYYBCTBUTeIbHOCTH, KO- 
OpbIt NOAKMOUaJICA HeMOCpeCTBeHHO K 3/IeKTpofamM mpuOopa. B ~Apyrux csy- 
[aiX SJICKTPOHHbIM TOK C H30/IMpOBaHHOTO dJleKTpoya / OleHHBaJIcA MO BemH- 
HMHe MOTeHIUMaa, NO KOTOPOrO 3apAxKaJICA ITOT BIEKTPO NO BAMAHHeEM TOKa 
ba olpeseeHHoe BpeMA (MpH H3MepeHHH 3aMKHYT KoHTaKT 5). Jlorenunau. 
eKTpowa / USMePAJICA CNeWHaJIbHbIM JIAMMOBbIM BOJIbTMETPOM C OYeHb OOUIb- 
MM BXOJIHbIM COMPOTHBJIEHHEM H MaJlOH eMKOCTbIO. 

Tlocue TuaTeIbHOrO MepvomuyecKoro MmporpeBa s/eKTpofxa J Mpou3sBodH- 
OCb KOHTPOJIbHOe H3MepeHHe ToKa C Hero (3aMKHYTHI KOHTaKTH! b u J[). Baio 
/CTAHOBJICHO, 4TO TOCIe TaKOH OOpaOoTKH TOK SMHMCCHH PaBeH. HyJO B Mpefle- 


Yh DOO 


JlaX YYBCTBHTebHOCTH a/leKTpometpa. J[ajlee BHOBb MpOW3BOAHJIOCh MpoKasH 
BaHHe aulekTpogza / B Teyenne 10 uac. Tocme ocTbiBaHHA SuleKTpO OOyuauc: 
9JIEKTPOHHbIM MOTOKOM MaJloli HHTCHCHBHOCTH (3aMKHYTbI KOHTaKTHI A HM 

B Teyenue 6 cex. IIpu HanpsxeHuu 7 KB TOK B Wenu aiekTpofla / cocTaBAA, 
65 a, a conporupmenne R=100 Mom. Cpasy nocie npekpallleHua oO y4eHH: 
Oba OOHapy2KeHa 3HAYNTeIbHaA ICKTPOHHAA 2MUCCHA C NOBEPXHOCTH XOMOZ 
HOrO MOJIMOJeHOBOrO JeKTpOa (pH H3MepeHHH TOKa 9MHCCHH 34MKHYTbI KOR 
taxTp! 5 u J). Omuccus yMeublilaetcA co BpeMeHeM: Yepes | MHH. Mocse Mpe 
KpauleHua oOjyueHua’ TOK sMuccHu cocTaBaser 10° a , uepes 30 MHE 
1,3 -10°2 a, uepes 10 uac. 1074 a. 

Takoii *e MOpAOK U3MePpeHHA SMHCCHH COXpaHAJICA BO BCeX Moce,yIOuUM 
OMbITaX: TpeqBapuTelbHoOe MepHosuyecKoe MpOKaJIMBaHHe BIeKTPOa B TUE 
uve 8-10 uac., o6ulyyeHHe C1a6bIM MOTOKOM 9JIEKTPOHOB C IeJIbIO BOSOY2KJeHH } 
9MMCCHH HM M3MepeHHe KpHBOM CilayqaHuA 2MMCCHH BO BpemMeHH. Bea 97a NocwJe 
JOBaTeJIbHOCTb B KaxKJOM CJly4ae MOBTOpAacb HeCKOJIbKO pas. Bpwia nomy4eH 
XOPOl1ad BOCMPOH3BOAMMOCTb KPHBOH CiaaHHA HaBeJeHHOM SMUCCHH BO BpéE 
MeHH Mocule OMHAKOBOrO MO BPeMeHH HM MHTeCHCHBHOCTH OOJYYeHHA JeEKTPC! 
HaMH. 

Bpuio mpou3sBeseHoO KavecTBeHHoe olpefeieHve pacnpedemeHHaA SMUTUPyeE| 
MbIX 9JIEKTPOHOB MO 9HePrMAM (Mpa 3aMKHYTHIX KOHTaKTax A u J). BenuunH 
TOPMOSHAlero HallpaAxKeHHA W3MeHANacb B Mpefemax oT O Jo 7 kB. Bow 
YCTaHOBJIeHO, UTO OOMbINMHCTBO SMUTHPOBAHHBIX 3/IEKTPOHOB MMEIOT JHEPTHic 
OIHM3Ky10 K 7 K9B, T. €. PaBHY!O MAKCHMaJIbHOM SHEPHH AKTMBUPYIOWIAX Jer 
TpoHos. [pyro HesaBHCHMbIH CMOCOO OLeHKH SHCPIHH BEIXOMALLUX SJIEKTPOHO| 
3akNOUaeTCA B CJIELYIOULEM: H3MepAeTCA MAKCHMaJIbHOe HallpAxeHHe, BO KC} 
TOPOrO 3apsAxKAaeTCA U3OMMPOBAHHHIM BeKTpon / NOX AelicTBHeM 9MHCCHH (3aMki 
HyT KoHTaKT 5). Oro HanpsaxeHue Mocturano 200 B, 4uTO TakxKe yKa3biBaeT H 
OOJIbLIYIO BeEJIMYHHY JHEPrHH IMATHPYeMbIX 3eKTPOHOB. IIpH usmMepeHHAX Me 
JIbIX TOKOB B TaKHX YCJIOBHAX BCerla YYHTHIBAIMCbh NapasHTHble TOKH MouApYy 
3alHh UW WenouApHsaluu CTeKIa H TOKM YTeYKH MO H380/AWMU, KOTOPble MOTy 
COBepWIeCHHO HCKa3HTb pe3yJIbTaTbI ONbITOB. HeoOxoqumMo Tak»xXe OTMeTHTE} 
4uTO B paOoTe cMelMaIbHO He Olpeesaach Mpupofla IMHTHPyeMbIX “acTUL 
B KayecTBe HaHOojlee BePOATHOTO TpesNooKeHHA ObvIo MpHHATO, 4TO TO! 
3MHMCCHU COCTOHT U3 3JIeKTPOHOB. 

TakuM oOpa30M, B HacTosxllei paOoTe ycTaHOBJIeHO NOABJeHHe SMMCCH} 
OTPHIaTeIbHbIX YCTHI, OOMbINOH 2HEPruH C NOBepXHOCTH 4NCTOrO MoHOZeH| 
MIpH KOMHaTHOH TeMMepaType noce OO Y4eHHA CaObIM 3JIEKTPOHHBIM MOTOKOM) 
MoxkHo JonycTuTb, 4TO HM B OMbITaX, OMHMCAHHBIX paHee (7), 91eKTPOHHAA SMUC| 
CHA C MarHHA B HeKOTOPbIX ClyYaAX TaKKe MO*KeT ObITh CBA3aHA C pele! 
CTBYIOUIMM OOJYYeHHEM TOTOKOM 9ueKTpoHoB. B uHactTosilee BpemaA mposou} 
7KaeTCH H3YYeHHe CBOHCTB MOAOOHOH IMHCCHM C YMCTHIX MeTAJJIOB. 

Cuntaio CBOHM JlOJITOM BbIpasHTb OylarofapHocTb upod. T. A. Taryxos) 
3a uHTepec K paooTe. 


Mockosckuii MH >KeHepHO-cbusnyueckuit Tlocrynuso 
WHCTHTYT, 14 II 1959 


WHTMPOBAHHAA JIMTEPATYPA 


*M. B, Cuueabuuxkos, Pagnorexnnka u dekTponnka, 3, 12, 1523 (1958). 


dob 


Aoksagan AKkaygemun nayr CCCP 
1959. Tom 126, N3 


PHZSHKA 


MW. P. FOXHOBCKHH 


CBOBOJHAA IJHEPPHA CHCTEM 3APS)KEHHbIX YACTHUIL 
(IIpedcmaseaeno axademuxom H. H. Bozoatoboeem 15 I 1959) 


Kak yxxe cooOmlalocb, BbIYHCJIeHHe CBOOOAHOM 9HeEPrHH CHCTeM 3apsxKeH- 
HbIX WAaCTHIL MOXKeT GbITh MpOBeeHO KOMOMHUPOBaHHbIM IIpHeMOM, B KOTOPOM 
xPPeKTbI KYJIOHOBCKOFO B3aHMOJeHCTBHA PaCCUHTHIBAIOTCA MeTONOM KOJIWIeK- 
“MBHBIX WepemeHHbIx JI. H. Sy6apesa (1), a kopoTKoe B3aMMoselicrBHe pac- 
‘MaTpHBaeTCA MalHepOoBCKHM MeTOJOM TrpynnoBbix uHTerpaoB. TlomyyeHHaa 
faKHM OOpasoM CBOOOHaA JHEPIuA MpescTaBsAeTCA PAXOM NO koppeAlLMAM — 
TPYNNOBbIM HHTerpaJiIOM, MOCTPOeCHHbIM H3 MalHepoBcKux (yHKWuH u Oorostio- 
OOBCKUX PyHKWHH pacnpeseienna. 

B cayyae aeKTPOHHOM Mla3MbI B KOMIICHCHPYIOULleM ose OKa3saocb (7), 
TO JIA KYJIOHOBCKOrO NOTeHLWHala KOPpeAWHU He pacXxOAATCA B Hysle. Bo u36e- 
KAHHe paCXOJHMOCTH KOPPeJIALMOHHHIX WICHOB B HYJe JIA CHCTEM Pa3HOHMeHHBIX 
MOHOB B paOorTe (7) HcnoOub30BasICA OOpe3aHHbIM KYJOHOBCKHH NoTeHWMal TuMa 
|( —e°r)/r, B wacrosuleH paOoTte Moka3aHO, 4TO 3TO «KOOpesaHve» U3JIMIWHeE 
ik JIA WOHHbIX cucTeM. [IpuBeqeHHoe BbIpawkenHe JIA CBOOOAHOH sHeEprHuu 
NCXOJMTCA HW ABJIAeCTCA HCXOJHbIM IPH BbIMHCJIEHHM TePMOAMHAMHYeCKHX BeJIN- 
luuH WM (YHKUMH pacnpeyeneHua. 

PaccMoTpuM HeliTpasIbHYIO CHCTeMy HOHOB, B3aNMOJelCTBYIOUIMX MO 3aKOHY 


i 


b; 
i 


Cacup 


Gap (T12) + (1) 


E12 


imme fis= | T1—Tel; Po, (712) — «KOPpOTKuM» MOTeHIHan, HallpumMep Tuna 
San {(fo / f12) 2? — (fo / 112) ©} WIM m0O0ro Apyroro, B KOTOPOM OTTAaJKMBAaIOULaA 
/yacTb Meer B Hysle Tostoc OoJiee BEICOKOTO NopssKa, YeM BaHAepBaaJIbCOBo 


MW KYJIOHOBCKOe TIPHTAKeHHE. 
Kon@urypalvouHblit WHTerpadl paccMaTpHBaeMol CHCTeMbI HMeeT BH] 


Ee 
Z=\—ex|—4 >» oa Il (LF fay i) 40 -+ dy = 
s a,b, i, y a, b, i<j 


at + >» spr \ fan (rj) Fao (rai) 4qzdq; + (2) 
oven il 
1 


+ 3% siya \ {faokee + ++ + + favk vel ac) Fascdqedqjdqe + ...}, 


a,b, 6, 0,7, k 


rye ipa = exp {— Pop / OF 13 2, — KOHUrypauMOHHbI MHTerpaJl «KYJIOHOB- 


° Rk Rk ° 
cKoly» cucrembl (Pap = 0); Fas /V?, Fane /V*? — OnHapHad M TponHas (pyHKIMu 
paciipeyeseHuA «KYJIOHOBCKOM» CHCTeMbI. 


ou 


on 


‘Ocuopbipasch Ha (?), Ze MOXKHO 3allHcaTb B Buse 


Le exp \— aol exp) \— ps a \®.5 (r) dq + 


N,N on | 
=r x [a (Rk) aid (a (e) si5 1)] aa p oT {exp (Zap) a ie oh = 5 dq = 


N {N,N 
a. >, ee aI {(e8ao —]| — Zap) (e8e — l — 2») (e8ae == jl — Zac) => 
ORS taX 


3! V2 
c 
+ 3g,, (e°— Tg) (2% — | —g_.)} dqidqe, (3} 
= sat | sae aecaggueeaut  p e6aeBcKHli payuyc: r =(- 
pp cake dbs ew daxiey'e) SL este ee rs tisha ST 
c 


a(k) =v (k) e2N,, (s0V)+; v(k) —cypbe-TpanctpopMaHTa KyJIOHOBCKOrO 110} 


C 
Teniivana. [loxasatemb (3) UpefctaBaeT coOoH pay MO KOppeJALMAM, TIpo} 
mlopiHoHabHpim N/V B cooTBercTBylouleH cTeneHH. Koppesaluu pacxogaresl 
B Hye, CooOmad STY OCOGeHHOCTh HM CBOGOAHOM sHepruu (2). Oyuako pac} 
XOJMMOCTH MO2KHO H30EKAaTb MOce COOTBETCTBYIOMeH. FPpyNMHPOBKKH. 
PaccmotpuM cBoGofHyl0 3Heprulo, pa3siarad slorapHd@M or (2) B pag 
rorya 
Ny 


N 
F = jks a ) = 
3 a (4) 
N,NsN, i 
ys ive \ {Tabla (Eee FasF bc) ae cee ie Faslaciioleann age de dqz os © + 
c i 


\ fa todgadgy + 
®yuxuuu Fe, a Fese onpefeisoTca TyTeM (yHKUMOHaIbHOrO yUuddepex:) 


k 5 
aupopanua F” no norexivasy B3anMojelcTBUA. 
Beugy Toro, uro (3) ABAAeTCA (PyHKIMOHAJIOM OT g_,, HeOOXOQMMO Bblpa-| 


3uTb og, vepes 6D_,. 
Bapbupys ypapnenne quia g., (°), noyyuM 


8g a5 + a y2 thy \ D8 64, = = OD aa av LN, | 8D 18 tI» 
u, 10 OOmlemy pewennto (*): 
(gy = iy + Y(t + 0,2) a, + 
a 2 see | Sax8®,,8,449,dq,} . 


Ilogcrapum (5) B BapHaliMio cBOOOAHOli SHepruu KYyJIOHOBCKO CHCTeMbI 
paBHOH MoKa3atesio (3). Torga Quid OnHapHO cbyHKuuM Halinzem 


Fi, = ar = pe eff + Dy Ser — 1) €* —1) gaxGexl dqy +...) 
(6) 
Re — ipheed we paBHO HelocpexCTBeHHO — 4 om ADT Ge 
Fase — FavF ac = EXP {Gas + Sac + Soe} — exp {Ea + Sac), (7) 
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a TpOHHad (yHKWMA NpocTo paBHa 


Fee = exp {Zac + Zab <5 Loc} {1 “- oe sje (8) 


_ Ilogcrapum (3), (6), (7) m (8) B (4). B pesymbrare coueTaHuA «KOpOTKO- 
JeHCTBYIOWLUX» H «KYJIOHOBCKHX» uYacTeH NOyyYMM CBOGOgHYy!O 3SHEprulo cuc- 
TEMbI B CJIEAYIOULEM OKOHYATEJIbHOM Bue: 


1 < NUN ge 
F=f, 6 al 2 a'b ( : 2.) 
= a = (e ) ; eeNe — ma OV \ ap ») dq 


1 N,N,N, : 
3lV2 \ (Pav achoe a 38 apYacboc) dq,dqz. 


(9) 


aoe 
Snecb Fy, —Ufleabuand uacTb CBOOOAHOH SHeEpruu; Bropot ueH AeOaeBcKuh; 


TpeTHH HU YeTBepTbI — COOTBeETCTBeHHO MONapHad HM TpOHHaAd KOppeJAWuH, 
MOCTPOeHHble H3 CXOMAMIMXCA CyHKUMH 


Pa 
ba ‘ae, ee a, Wa Me Si 


B6nu3u HYJIA CXOAHMOCTb day, OOeCIeYHBaeTCH KOPOTKHM MOTeHI[MaJIOM 
% ,p) Ha OovIbUIMX PACCTOAHHAX, B 3ABHCHMOCTH OT KOHI[eHTpallMu, MOryT npe- 
-o6slayaTb KYJIOHOBCKHe WJM «KOpOTKHe» CHIbl. PYHKUMH g),, ONMCbIBAaIOUHe 
WelicTBHe KYJIOHOBCKHX <«aseKHX» CH, yOblBaloT C KOHIeHTpallue Kak 
exp{—const-r Vc}. Tlosromy mp ovenb OosbUIMX KOHIeHTpalluax B KOppe- 
 fstiuax OyyT mpeo6aqaTb KOPOTKHe CHJIbI HX, HACOOpOT, MPH MavIbIX KOH- 
MeHTpatluax — KyJIOHOBCKHe. OHako STO yTBepxKeHHe HyKaeTCA B MpoBep- 
Ke B KaX%KJOM KOHKPeTHOM CJlyyae. 
HyxHo Takxke yyecTb, 4TO Nepeyq KaxKROM KOppesAlMel CTOMT KOHIeHT- 
PallHOHHBIt MHoxwKUTeIb (N/V), MMeloulMi MpoTHBoMo/OwKHOe KOppedAlHaM 
| TMoBeyeHHe C KOHWeHTpalven. 


Tipu MavIbIX KOHIeHTpalWAX CBOGOAHAA SHeEprua CBOAUTCA K TepBbIM TpeM 
4JIGHAM. B ywacTHoM cylyuae, Kora 
CO, 0 <r Gros 
Pat A ® ab (r), i= pee 
v 


N_N ab 2 
F= Fey = z(t De. +99 He | (1+ PP) dg— 
c a,b 


0 


fos) 
ey N,N, \ Hee eas ny | is Sab ) dq 
5 ‘ 
bad} 0 
ab 
Tlocnequwe Ba wieHa MpeycraBlsaor coOoli aHajor nompaBoK Bau-yep- 


Baavbca [Id 3apsKeHHbIX cucTem. IJo-BuyquMomy, 
(oe) 


( (ee ince By hye ) te 


72 
0 
"ab 
COJep2xKHT CBOOOAHYIO SHEPrHio acCCOWMMpOBaHHblX M0 Bbeppymy uonos. 


®MopmyuJia (9) aABsIAeTCH HCXOQHOH PyHKUMeH pH BEIMMCeHHM TepMoyuHa- 
MHMYeCKUX PYHKUMH * WM HCXOJHDIM PYHKIMOHAJIOM JIA yHKUMH pacipesese- 


* TlapHad WH TpOMHad KOPPeJIALMH ABJIAIOTCA COOTBETCTBCHHO BTOPbIM HM TPeTbHM BUDpH- 
AJIbHBIMH KoapdpHuUneHTaMH, 


009 


Hus. [Ip 9ToM Oe3pa3iHuHO, BeyeTCA JIM ucpdepeHiHpoBaHve 10 KOpOTKO-) 
eHCTBYy!OWLeMY JIM 10 KyIOHOBCKOoMy NoTenuMasy. Tak, quddepenuupys (9) no} 
?,, HOYYMM OMHApHYlO *pyHKIMiO paciipeseneHun | 


Far = re exp Lo calls i ty \ [Pirro + Sabre + SoPral 49, ++ ¥ | 


Fix (0) = 0. 


IIpH BpikmoyenHu KOpoTKHx cum (10) mepexogur sp (6). Tlonaran xe} 
3apxA PaBHbIM HYJO, NOJyuHM: . 


try 22 Ny 
Neri yz & Pab/® {1 + IF | fesfeoda ae i ; 


3T0 M3BecTHad v3 (°) OMHapHad (pyHKIHA HeHTpaIbHbIX WaCTHI. 
aa Tponoh dyHkuun pacimpeyenenua 


Pac ee 


1 Pa 
i an ys ©*P { _ r) ae oa =f Be mae ake wo}e 


TakuM O6pa30M, C TOUHOCTHIO JO TpeTberO BUpHaJbHOTO KosdpunMenTa 
BCera MOXKHO TMO/b3OBATHCH CYNePNOSHUMOHHOM annpOKCHMallMeh Jaa TpoH- | 
HOH (yHKWMK paciipefesenna. 


JIbpopcKHH YocyapcTBeHHbIli VvHUBepcuTeT Tloctynuno 
um. VMspana @panKko J 11959 
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Aoknage Akagemun uwayr CCCP 
1959. Tom 126, Ni 3 


TEO@PH3HKA 


ll. A. BAHOrPAJOB 


OB AHOMAJINN JJIEKTPOTEJIJIYPHYECKOLO NOJIA 
B PAMOHE YIMKAHbHX OCTPOBOB (03. BAHKAJI) 


(ITpedcmaeaeno axademuxom B. B. Ilyaetixunoim 4 II 1959) 


B reuenne 1950—1956 rr. rpymna 3emHoro smeKTpuyectBa MpxyrcxKoli reo- 
(3H4eCKOM OOCepBaTOpHH MpOusBOAMa HSMepeHHe NOMA TeypHyecKUX TO- 
®B B pasJIMUHbIX TOUKaX Balikasla c Welbio H3yYeHHA paciipeyeeHHA TOKOB. 
3aBHCHMOCTH OT KOHdurypalun SeperoB u rayOunbl Balikaua. 

Mertoquka u3MepeHH 3aKsI0Uaacb B perucTpalluu Bapvalluh pasHocteli 
TEHUMala JICKTPOTeMYpuyecKOrO MOJIA YCTaHOBKOH 3 AByX B3aMMHO-Hep- 
‘HIMKYJIAPHbIX HSMEPHTeVIbHBIX WMMOMeEH, OPHCHTH POBAHHBIX B MEPHMOHAJIbHOM 
WIMpOTHOM HallpaBJleHHaAx. PerucTrpaluaA Npou3BosNsacb MpH MOMOLIM rab- 
\HOrpada MU sIeKTpopasBeLoOUHOrO OcUMINorpada SO-3 (KpaTKOBpeMeHHbIe H3- 
penua). B 3aBHcuMocTH OT Welle u3MepeHH OTJMTbIe H3 XMMMYeCKH UHC- 
brO CBHHIWa SJIeKTPOAbl ONycKasiucb MOO Ha pa3JIMUHble ruyOuHb!, WH60 Ha 
o batixana. IIpucrynaa kK 3THM H3MepeHUAM, MbI He UMeJIM HAKAKHX JaHHbIx 
ienecoo6pasHocru IIPHMe€HeHHA CBHHIUOBbIX QICKTPOJOB WIA H3MepeHHA QIeK- 
DMUCCKHX TOKOB B IIpeCHOBOJHbIX OacceHHax. I[lostomy AA KOHTpOuA Halex- 
pera H3MepeHHH HM CpaBHeHHA MIOTHOCTeH TOKOB B Pa3JIMUHbIX cpeflax peru- 
[PpallMA BapwallMH pa3HOCTeH MOTeHUMaOB MpOW3BOAuacb JBYMA YCTAHOB- 
MH, PaciOsIO*KeHHBIMM Ha cylle (Ha Gepery) u B Balikane. 
| Oco6plt uHTepec mpescraBiano u3yyeHHe S/IeKTpoTesypHyeckoro Toma 
|palione YuIKaHbHX OCTPOBOB (BBUAY HeKOTOPbIX OCOOeHHOCTeH HX pacmouoxe- 
Ha M reomormyueckoro crpoeHua). B 3ToM palioHe H3MepeHHA NPOM3SBOAMINC 
eH pasa: c 25 VII no 17 VIII 1951 r.; c 5 VII no ll IX 1952 r. u ¢ 20 no 
/ VI 1956 r.,mpu4uem WeHTpbI uMomel o6enx ycTaHOBOK (Ha ocTpoBe Bosb- 
lof Yiukanuii u B Balixkane) naxoqusucb Ha paccrosHun | KM OT 1OxKHOrO Ge- 
bra o. Bb. YuikaHHH WM MOpPCKHe JeKTPOAbI ONycKaucb Ha AHO Balikasa. 
| Ha puc. | npuBefeHbl pe3yJIbTaTbl JBYX M3MepeHHH, MsOCTpHpyroliue 
IHOBPeMeHHble U3MeCHEHUA QEKTPOTeJypHyecKoro Noa Ha He Balixana 
\Hao. B. Yurkanuii. VlonHad UeHTHUHOCTb KPHBbIX BapHallMH pasHocTeli 
DTEHUHAJIOB B JBYX Cpefax NOATBepxaeT HalexXKHOCTh H3MepeHHH M MpHror- 
DCTb CBHHIOBbIX SJIEKTPOJOB JIA H3YYCHHA TOKOB B MpeCHOBOHbIX Oaccelinax. 
| U3 puc. | u 2 BugHo, uTO XapaKTepHOH OCOOeHHOCTbIO BapHvallMli 9eKTPO- 
“IIypHUeCKOFO NOJIA B 3TOM palioHe ABJIAeTCH AHOMAJIbHO OosbIlat BeH- 
Ha aMIMIMTYIbI KoeOaHHi. SHauMTeIbHOH BeJMUYMHbI MOCTHTaloT He TOJIbKO 
MMIHTYbI MpperyApHbIx KoeOanu (puc. 1 A), HOM aMMWATYyAbI KOpoTKone- 
HowMuecKHX KoleOaHHl Tuna P, (puc. 1 5B) u Pe (puc. 2)*. 
| AmniuTyqa MpperyJIApHBIX KOeOaHHH B YMePeCHHO BOSMYLeHHble THM B 


0 ms/kmM. MakcuMabHad aMIIMTya UpperyJApHBIX KoONeOAaHHH 3a BeCb 
bpvo, u3sMepenult paByamacb 1679 mp/Km. HaOmioeHHad MaKCHMaJIbHax aM- 
nuryya KoneOanuii Tuna P; papHanacb 418 mB/KM, a KoneOanuit Tuna P, 
gee 250 mp/km. B To xe Bpema B Sye (1), Haxogamemca B 400 x or o. B. Yur- 


* P,— pulsation continuous — ycroiunpsie KoneOanua, P, — pulsation trains — lyri 


oleOanui. 
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KaHnit, 3a 13 meT HeMpepbIBHEIX H3MepeHHH MaKCHMAJIbHBIM rpaMeHT MoTe 
Wwnawla cocTaBuiaa Bcero 98 mB/KM. B Ta6a. | WIA CpaBHeHHA MpHBeeHbI aMIIL 
TYIbl COOTBETCTBCHHHIX KOeOaHHH (MpOAOJKHTeMbHOCTbIO 5—10 mun.) B 3 
u ua o. B. Yurxanuii 9 IX 1952 r. B 15—I7 yac. MecTHOro BpeMeHH. 


FAN KA Nelema le 
A 
i [aomt/em 


7 
’ ' 


/ 
2 
Meade sQOEY Wane A es A 


50 wiyen| ; was 


& 


——— 


SO nbfkm 


| 


ve 84.51m 


Puc. 1. Sanucbh BapHallun rpayuenTa NoTeHWMala 3eKTPOTeNypHyecKko- 
ro Nowa. 1 — Ha He Baltikana, 2 — ua o. Boabmot YmKannua. A — 
3alHcCb MpperyJIApHbIX KoNeOaHuH 3] VII 1951 r.; 5 — 3anucb kopotkKo- 
ee NepHosuyeckux KoNeOaHH Tuna Pc 18 VIII 1952 r. 


B patione H3MepeHHi pe3yJIbTHPYIOUMH BeKTOP 2JIeEKTPOTeMIYypuyeEcK( 
Nova HampaBseH nox yruiom 10—15° k mepuguany (Ta6n. 2), B palioue JlucT 
HuuHOe (*) STOT yrou cocTaBiaet 45—60°. Takoe u3MeHeHHe MpevMyLlecTBs 
HOO HallpaBJIeHHA pakWeHTa MOTeHIMala, MOXKHO, MO-BHAUMOMY, OODACHD 
BJIMAHHeM akBaTOpHu Balikalla Ha HallpaBlenue TOKOB. 


8 19 20 a 2 


Puc. 2. 3anucb kopoTKoNepwoyuueckux KomeOaHHii Tuna P, Ha que Baiixana 
21 VIII 1952 3: 

i 
QeKTpHyuecku paspes akBaTopun Baii kana eule Maso u3yueH, HO No 
HDIM HMCIOULMXCHA H3MepeHHH CepHA JeLOBbLIX B O3 umeer xopollo BEIpaxKeHPe 
TPEXCOMHBIN XapakTep: NepBbIH COH— Boa, HMelollad comnporuBAeHnél 
150 om -M; BTOPOH COM — OCaNOuHble OTMOKEHUA C BECbMa HU3KHM COMpoTHB| 
HHeM HM TpeTHH CJIOX —TpaHHTOrHeHChl OKeMOpHsA, MMeIOUIMe BeCbMa BbICOM 
COMpOTHBJeHHA. 
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Ta6Oauna i, 


| 
| | é AMIMUTYAbI COOTBETCTBEHHEIX KONeCOaHHi B MB/KM 


5. Ynxanuit 1422 [251.0 270,9 | 240,0| 294,5 | 274,4| 338,5| 189,4]250,7| 104,5 
bye 44,3] 20,5| 18,3] 16,5] 49,0|.17,7| 23,0] 15,51 20.3] 9.8 
| Ta6auna 2* 
3 Amnautyya uppery ApH. AmugutTyya upperyaapu. 
Kome6., MB/KM Haripasa. Kome6., MB/KM Hanpasa. 
DESyJIbRU= |e eS ee | Epesy sipii= 
pytou. pylouw. 
ceBepH. BOCTOUH. BeKTOpa ceBepH. BOCTOUH. BekTopa 
cocTaBdi cocTaBul. cocTaBJ. cocTaBJ. 
+198,4 —48 ,0 346° —107,5 +25,2 L672 
+117,8 —28 ,6 346° + 85,3 —20,4 347° 
—220'4 453.9 166° 4103, 4 BeOS 3 346° 
| +159,3 —40,3 346° — 94,5 +23,9 166° 
— 98,4 +24,9 166° —132,1 +33,4 166° 


’ * A3umyT pesymbTUpyloulero BeKTopa orcuntaH oT 0° (C) yepes 90° (3) 
4o 360°; HanpaBeHHBIi K CeBepy HM BOCTOKY TOK NPHHAT MOMO%KUTeAbDHBIM. 


Ecm aMmJIuTyLy UpperyApHbix KoeOaHHH CpelHeH MHTeHCHBHOCTH MpH- 
HATb paBHoH 300 mB/KM M CpefHIOIO MpoBosuMocTb Bod Baiikana 6-10? CGSE 
3°), TO AIX MMOTHOCTH TOKa MOJyYHM YNCIeHHOe 3HayeHHe 


4 il 
300 3-10? 


ma 


j = oE.=6-10'°+300-10* a/cm? = 2-10°% a/m?. 
[akuM oOpa30M, pu He3HauHTeIbHOH MmpoBosuMocTH Box Balikana moT- 
HOCTb TeJIJIYPH4eCKHX TOKOB B 3TOM PpalioHe NO BeHUHHe OM3Ka K IMMJIOTHOCTH 
opckux ToKoB (4,°). 
| Hajyo nosaratb, 4To 32ecb MMeeT MeCTO BeCbMa THNHUHBIA cya BIMAHHA 
belbeda KPHCTaJJIMYeCKOTO OCHOBaHHA Ha MWIOTHOCTb TeJJIypH¥YeCKUX TOKOB. 
WleicTBuTebHO, Wa reovloruu 
pavoHa HaOJIOJeHHH XapakTepHo 8 
amuuve YulkaHbero nmopora (puc. 3) SY 
CHamuMH Ha HeM YuiuKkaHbumMa RRgy 6 
beTpopamu (°), Mecramu mopor noz- =F 
HuMaeTcs! Ha coceqHuMH ray6u- 
Hamu Ha 1000 mu Gosee. Ilo nmpouc- 
IkowKqeHHIO §=©6 opor ~—s peycTaBuiaer 
BCIYYHBaHve 3eMHOM Kopbl, BOS HUK- 
lee Ha rpaHulle MexkKAy ceBepHO ui 
tpemHeli BnatuHamu Balikana. Yui- 


aHbH OCTPOBa, COCTABJIXIOULNWe Bep- 
MHY Wopora, CJIOX#KeHbl MeTaMOp- 
ae tS CLOUCTEIMM Pe TOpOAaMi Puc. 3. Cxema TeKTOHHYeCKHX No,HATHA” [u 
HOkeMOpua, CpeqH KOTOPBIX MpeoO- pgnaquy p palione HaGmogennii (8). a — Bna- 
flalaior KpHCTaJJIMYeCKHe H3Be- una TpeTvero ypoBHA (ceRepo-GalikambcKaa); 
ttuaku. Ilo IT. IO. Bepemuaruuy, © — Buaquna yersepToro ypoBHAa (cpeane-6ait- 
wkaHuii nopor BoBce He MOKpBIT KaJlbCKaa); 6 — akBaTopHa Baiikana 
b3epHbIMu ocawKaMu, BCJICEICTBHE 
TOHHBIX TeyeHuH, WM ero MOBePXHOCTb CJIO#KeCHA KOPCHHBIMH MOpOaMH, 10 
5B. B. Jlamakuuy, He MCKmI04UeHO, YTO OCaNKH Ha Mopore Bce xe uMeloTcA (°). 
W\ak MA3BeCTHO, OCANOUHAad TOJIMa ABJIACTCH SHAYHTEJIBHO JI YUMIHM ITDOBOXHHKOM, 
HeM KOPeHHBIe MOpOAb, B CHJIY 3TOFO MJIOTHOCTh TOKA B OCaMOUHOH TOVILe 60J1b- 
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( 


we, YeM B KpHcTasIMyecKoM OocHoBaHUH. IIpu npHOuMxKeHHH KPHCTAaJIM4eCKC 
ro (yHaMeHTa K JHeEBHOH MoBepXHOCTH NoMepeyHoe ceyeHHe MpoBosauye 
yaCTH YMeHbIWaeTCAH M MJIOTHOCTb TOKa B HeH BoOspacTaerT. 

C pyro cTOpoHB!, 3fecb, MOo-BHAMMOMY, OOHaApy2KMBaeTCA HM BIMAHME H 
IWJIOTHOCTh TOKOB HeKOTOPbIX OCOOeHHOCTeH paciipeseseHHA MPOBOAAMerO Mé 
TepHala Bo BcemM Baiikane B wetom. Murepnperalua kapT COmpoTHBJeHHt 
NOJIYYCHHBIX MeTOJOM 9ueKTpompoduiupoBaHua Hu BOB, nokasbipaeT HeKOTC 
poe MOBDbIINeHHe KaxKylleroca COMpoTHBeHHA GeperoB Balikasla WH MpHMbiKak 
IHX K HMM Y4¥aCTKOB MO CpaBHeHHIO C COMPOTHBIeHHeM akBaTopHH Balikalé 
B cuay storo akpatopusa Balikala 2ouKHa CTATHBaTb JIMHHM TOKa, a Oeper 
Balikasia, KaK O6laCTH C NOHMKeHHOM JICKTPOMPOBOMHOCTbIO, OJKHbI OBIT 
HeECKOJIbKO O€HbI TOKaMH. 


MpkytcKaad MarHuTHO-MoHOocepHaA cTaHWHA Tlocrynuao 
Hay4Ho-HcceqoBaTeIbcKOro MHCTHTYTA 10 I 1959 
3€MHOrO MarHeTH3Ma, MoHOcepbl 
HM pacipoctpaHeHua paHvoBouH 
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ocTpoBa H Mpo6ema NponcxoxKyennaA Batikana, M., 1952, crp. 61. 
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Joxnaygn Akagqemun nayr CCCP 
1959. Tom 126, Ne 3 


QIEKTPOTEXHHKA 


ll. WH. YAHAEB 


OB YCJIOBUAX IKBUBAJIEHTHOH 3AMEHDBI 
JEPEAATOUHOM YHKUMUM ONEPATOPHBIM K (D) H30BPA)KEHVEM 


(ITpedcmaeaeno axademuxom B. C. Kynebaxunoim 6 XI 1959) 


_ Cpemu mpakTvueckux MeTOJOB MCcC/eAOBAaHHA JMHAMHYECKHX CBOHCTB aBTO- 
MaTHeCKUX CHCTeM IMPOKOe paciipocrpanenMe HaXOAWT MpMMeHeHHe onepa- 
HopHoro K (D) vus06paxenua, WpeqnoxeHHoro B pa6orTe (1). OcodeHHo addex- 
'MBHO onepatop K’(D) moxer ObiITb HcCMOsb30BaH Tip NOcTpoeHun MepexosHblx 
(polleccoOB Ha 3JIEKTPOHHbIX HHTerpaTopax. B camomM JeJe, ecu 


KD) = (AyD SUARDE AA Ae D + A, a0, 


@eHYTCM SAMCHEI MepeMeCHHBIX 2, =X, 2, —= Dx, ... , 2n = Dee ypaBHeHne 
1-TO NOPAKa MO*eT ObITh CBeJeHO K #1 ypaBHeHuaM l-ro NopsAyKa 


Dz, = 25, 
Dez = 2s, (1) 
IZ, se se mew seeeay as An An—iz2 ah ae ee Ay Aen, 


nocvieqHve Moce NpeBapWTesbHOrO HOPMHPOBaHHA JerkKO HaOupalorcA Ha 
HTerpatope. 

Oyuako B TipakTukKe [pu UcceqOBaHHH YMHAMMKHM CHCTeMbI B KauecTBe 
HCXONHOH uallle 3ajjaeTrcA TlepeyaTouHad (yHKIMA CHCTeMBI 


BoD” + BD" +.,..+B,_,D+ B, 


aD) eee ee 

AoD" +- AyD” aoe Fn Ano A, 

Kak noka3ai B. C. Kyse6akun, ero onepatop K (D) mpescraBssaeT 3HaMe- 
aTelb NepeqaTouHOK dyHKunu. Jia Toro yToObl NOCTPOUTb NepexoLHbIM Mpo- 
lecc 0 BUY MepexaTouHOH *yHKUMH MpH HyVJIeBbIX HaYaJIbHbIX YCJIOBMAX, 
HY2KHO B HHTerpaTope 3afaBaTb CilellMasIbHO Bo3MyuleHue f (Z) HM ero MpousBoL- 
ble. B sTOM cilydae YCOXKHAeTCA CTPYKTYpa MHTerpaTopa HW OHOBpeMeHHO 
prpanuuupaerca ero NOesHbIi =O6beM OJOKOB WIA MHTerpHPpOBaHHA CHC- 
Hemp! (+). 

Bo3HukaeT BOMpOc: Heb3A JIM pellieHHe, COOTBETCTBY1Olee MepeqaTouHOH 
byHkunn W(D) np HysJeBbIX HauaJIbHbIX YCJIOBHAX, NOJIYYHTb Kak pelleHve 
DAHOposHoro ypaBHeHua K (D)x =O npu HeKOTOpbIX HeHYJIEBbIX HavaJIbHbIxX 
WCIOBUAX ? 

Orser Ha 9TOT BoMpoc faeT Teopema B. C. KyseOaKuna (*), KoTopy1o cop- 
yIMpyeM B HeCKOJIbKO HHOM Bue. 

Teopema. Beakyto nenpepoienyto dynkyuto x(t), aermowyroca peeyAu- 
DYCMOLL GEALLYUHOLL YCmotiMUBOL CUCMEeMbL, MOIKHO PAaCCmMampueame KAK UNMeepan 
unetino2cd OONOPOOHOed Oughepenyuanonoeo ypaenenua K (D)x = 0 c mouno- 
moto OO &, 2@0@ © —CKONb YeoOHO MaAoe 4UCAO. 
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llokaxkeM, Kak N1pakTHueCKH NoLOOpaTb Hava/IbHble YCOBMA IIA X, YTOOKI pe- 
weHue ypaBHenua K(D)x = Ocosnagajo c pemiennem x =W (D) f mpu HyJleBbIx 
HauaJIbHbIX YCJIOBHAX. ! 
PaccMorpuM cjlyyal THMOBOrO e{MHHYHOrO CTyNeH¥aTOTO BO3MYIeHHA , 


f(t) =1(2). 


OcymlecTBuM Tlepexoy or mepemeHHoH x(/) K HOBOH TlepeMeHHOH y(t). 
Pa3iuune MepeMeHHbIX COCTOMT B TOM, 4TO x(t) — pellleHHe, COOTBETCTBYIONLe€ 
W (D) pu Hyseppix HauvaJIbHBIX yCJIOBHAX, a y(t) — pellleHHe, COOTBETCTBYIO- 
mee W(D) pv Mpov3BO/IbHbIX HeHYJIEBbIX HaYaJIbHbIX YCJIOBHAX. 

Tak Kak y(t) yqOBseTBOpseT ypaBHeHHIO 


qn n—1 
ry Met MUD 7 Ay tt Ans nd, + Any (t) = 


dt” dt 
_ pp “tit Pa) df (t) 
a Bo dt” sic By aft ; iE ones air Biya dt = Buf (¢), (2) 
mphHy=Y yO=y (i=1, 2, ..., 2—1), 


TO TlocJie IpHMeHeHHA ONepaTopHoro NpeoOpasoBaHua Jlanjaca c yyeTOM, 4Td 
f (¢) = 1(¢), nonyuum 


WB (DAE YD) 
bes K(D). "D 5 KD 
3yecb 
K (D) = AyD” + AyD" +... + AnD + An, 
B(D)= B,D" += BD > Bee 
C(D) = Yo (ApD”* + A,D°*+...+ AnD + 7) No 
+ yf? (ApD"? + AyD"? +... + An—gD + Ans) + 
sha? (Acar Ay) hg) Ao 
CreqoBaTeJIbHo, 


K (D) - ¥ (D) D = (By + Acyo) D® + (Bi ++ Aryo + Aoys?)D"* +... 
ew (B, Ap os, su ols ea ee eee 


Jlua Troro uro6nt K (D)- Y (D) =0 c TouHoctbio Jo By, HeOOXOZMMO BbIOpaTi} 


HavaJIbHbIe YCOBUA Yo Uy) (i= 1, 2, ... , n—1), yaoBnerBopstomime cre} 
AYrouleH HEOMHOpOJHOK cucTeme aJreOpanyecKHxX ypaBHeHuli: 

Agyo Og =. See Rip tie Be 

AyYo + Agy Ss as Oye) = — By, (3) 


Ce en ee ee ee es Se pen mee Gee NC Goma 


Aor Ape Osk vc Agye a Dea 


B 
Ecm 3apaHee HaJIOXKMTb ycCOBYe x = Ya , TO, IIPHMeHAA K HOBOL 
f 


TepeMeHHOH x omepatop K (D), nomyuuM Tox ecTBeHHbI HyJIb. Creqoparen! 
HO, KPOMe€ HauaJIbHbIX YCJIOBHH (3), HEOOXOMMMO elle 3ajjaTb HadaJIbHoe 3Hal 
yenve x(+ 0), T. €. 3HaYeHHe X B TepBbIl MOM€HT BMeCTO CyUeCTBOBAaBUler | 
panee BHellHero BosMyuenua f = 1(t). Virax, mMoxHo cchopmysimMpoBaTp cael 
Ayloulue YCAOBHA 3aMeHb! MepesatounHow dyHKuun W (D) onepatopom K (D)| 
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Jaa mozo umobel noayuumb pewexue x(t) npu KY nebbLX NAXAABHDIX YCAO- 
1X no nepedamounolit dynkyuu-W (D), HeodOxodumo Hatimu pewenue odnHo- 
dHoe0 YpasHeHun K(D)x =O npu HauanoHolx ycroeuax, yOoenemeopsAroluUx 
eoyrowelt HEOONOPOONOLL cucmeme anzeOpau4ecKux ypaenenuti: 


{i 
: 
\) 


AX a Ox? eee aa Ox) Saat ed Bo, 


AjX%o + Ages” BPO Cees On ae = — B,, 


1, G0! 6. 8 Oe ut ee Le. 0) ENE. 6. 0) 6 46. 0). 6. 8 Oe 6 8 ee 


An—1X) + Agsete, SO is Fate = — Bry 


- 


_ ; 
COBUHYMb €20 NAPAANEALHO OCU BpemMeHU Ha beAU4UHY rae 6 3aéeucumocmu 
BSHaKa nocreoHell. 


n 
| B cayyae B,>O0 upn f(t)=1(t)>0 ocb BpemMeHu HYyXHO CJBHHYTb 
pepX Ha BesMUNnHy By. 
TlomyuenHyio TeOpeMy MOKHO OOOOUINTh Ha CIyyali CHCTeMbI CO MHOrHMHA 
PPeMeHHBIMH HM MPOH3BOJIbHOrO BHellHero Bo3MyueHHa f(t), ecm f(t) — 
NauMTMyecKad (PYHKUMA. 


! 


Tlo.tynazt0 
6 XI 1959 


ITMTHPOBAHHAA JIHUTEPATYPA 


1B. C. Klytae6 axjun, 2-ro Tp. BcecowsH. coseul. no] apr. perymup., Vsg. AH 
HCCP, 1956. 


567, 


“ 


FA, oh iain va 
- i SS ey ee Fe 


en eo ee en eS lie ae 


f 


Hornzann Akanemun Hayk CCCP 
1959. Tom 126, Ne 3 


XHMHA 


JI. TY. BEPY u JI. A. BOPHCOBA 


_O TIPHPOJE COJIM JIMHKA 


(ITpedcmasaeno axademuxom B. A, Ap6ysoeem 10 II 1959) 


Cpplllle cTa JleT 3aHHMaeT HcCeqoBaTeeH BONpOc NOWyYeHHA OJIOMHTAa 
SMOCPeACTBEHHbIM OCaKJeHHeM H3 PacTBOPOB COseH KaJIbllud HW MarHuaA. Ou 
DY *KHJI TOJIYKOM K OFPOMHOH SKCMePpHMeHTaIbHOH paOoTe, KoTOpan, OMHAKO, 

CMOrla aTb KaKUX-JIMOO ONpeeJIeCHHbIX BbIBOAOB. MHeHve HeKOTOPbIX aBTO- 
DB, UTO B HX OMIbITaX Obl NOMYYeH, AKOObI, WOMOMUT, TpeOoBasIO CTporo Kpu- 
t YeCKOH MpOBepKH, TaK KaK IIPHMeHAeMbIe HMM MeTObI MAeCHTHPUKAaLUN Moy- 
PHHOPO BelllecTBa (KOJIMYCCTBEHHbIi COCTaB, CNaOad paCTROPHMOCTb B pa3OaBuJeH- 
oH CHsCOOH u pelko —noka3aTedlb IpesIOM/IeHHA) He MOTI JaTb 1paBHJIbHOrO 
JeWcCTaBIeHHA O ero mpupoge. IIpu nosto- 

HHH HEKOTOPbIX H3 OMbITOB Hallie BHHMa- 500 

@€ MpuBiekia cob JIuuKka. Ilonyuaemaa 
yTeEM HelocpeACTBeHHOrO CMeLIMBaHuA 
ACTBOpOB cosleH Ca, Mg u NHsHCO mpu 680 

DMHATHOH TeMMepaType, OHa MpescTaBua- 

' coOoH cTYyHeBHAHbIN ocayoK, ObicTpo 

DUCTANNH3YIOWMHcA MpH nosorpepaHun 

30—40° wu HecKOJIbKO MefIeHHee —IpH 

DMHaTHOH TeMiepaType B  cthepoulHTHl, 

1a60 pacTBOpHMble B  pa30aBJeHHO! 

sCOOH wa xonogy. KomuuectBenHpili 

peTaB ee OH30K K JOJIOMUTOBOMY. 7 ————> 

OjHako mosly4aemblii MepeMeHHbI CO- py, 1. Tepmorpamma comm JInnKa 
raB OCajlKa B 3aBHCHMOCTH OT MCXOJ- 

DIX KOHICHTpalluli coeli H TeMMepaTypbI oMbiTa, OTCYTCTBHe POMOO2TpOB Cc 
DKasaTeIAMH IIPeOMICHHA, OTBEYAIOINIMMH JIOJIOMUTY, MCHAIOWaACH CTeMeHb 
ACTBOpHMocTH B CHsCOOH Kak 6yzTo onposepramu MHeHHe JIMHKa, 4TO ero 
lb He UTO HHO, Kak JouomuT. [losTomy STH COMM CTAaJIM Ha3bIBAaTbCA CMeLaH- 
PIMA colamMu JInHKa. 

Tlonyuenupili] Hamu lo onucanHomy JIuHKom cnocoby (*) reb mpeyctas- 
AeT COOOM MO KOMMUeCCTBEHHOMY COCTaBY TOJIbKO KaJIbILMT, MO-BHAHMOMY, BBI- 
DKOH AKTHBHOCTH, KOTOpad cnocoOcTByeT BO BPeMA KPHCTAIM3alnu Tea OCa- 
WeHuIO KapOoHaTa MarHuad. HayaButeeca yuepe3 WBa Yaca NOCe CMeLUIHBAHHA 
ACTBOPOB OOorallleHHe ocawKa MarHveM mocTeleHHO jocTuraeT Cojlep2KaHHn A 
‘0, 6u43KOrO K JooMUTOBOMy: MgCOs fo 33%, CaCOs Ao 67%. 

Ecam ucxoqHad KOHWeHTpalua CaCle B HallMx OMbITax YMeHbillalacb BBO 
DH HeM3MeHHOM KOHUeHTpalluu cosel Mg, To B Bue comm JInHKa OcaxkyaeTCA 
WIbKO MOJIOBHHHOe KomMYecTBO comeH Mg, a OCTaIbHad YacTb HX BbilakaetT 
Bue HeCKBeCFOHHTa. STO MOATBepxaeT MpeknomomeHve, YTO UMCHHO [eb 
aCOs cnoco6cTByer mocueLyiouemy Bbinayenuio Mg B Buse COuIH JIlunKa. Ecun 
€ OTeNbHO MpPHTOTOBJeHHbI HM MIpOMBITHIi reib CaCOs MOMeCTHTb B pacTBoPp 
aTHHeBbIX CoJleli, TO B 3TOM CJlydae OH yxKe He OONaaeT TOM MOBbILUCHHOH 
XTHBHOCTbIO HM Bech Mg ocaxkaeTcA B BAe HeCKBerOHHTa. 


56 
UAH, 7. 126, Ne 3 is 


Kpuspie Harpesanus coum JIMHKa, OTMbITOH oT Cl’ - H SO’’s -HOHOB, HMeH 
yyBa SHIoTepMuyecKuXx scpektTa, mepBbIli (680°) HECKOJIbKO HW2Ke TeMIlepaTyf 
pagloxeHua fonomuta (740°) u Bropo — oTBeYalolluH TemiepatType ACC 
inawuu KabuutTa (900°) (puc. 1). : 

CpaBHenue pextrenorpamM cowH JIMHKa HM UIMINMMCKOrTO AOMOMUTAa HO 
BOUAET Cleat BbIBOL, YTO Comb JIMHKa MpescTaBAAeT COOOL TBEPAbIM PacTB 
KasIbIUTa B JOJOMUTe, TAK Kak MapaMerpbl pelerku oOpasua comu JImHKa oT 
UaIOTCA HECKOJbKO OT KaJIbUMTOBIX H JOJIOMUTOBLIX, HO Topasfo O1MxKe K HOM 
MHTOBbIM (pyc. 2). 

PaciibiBaHHe JMHUMM peHTTeHOrpaMM MH MOHH2KeHHE MepBOTO IHAOTEPMHt 
cKoro ad@ekTa Ha KPHBOH HarpeBaHUA MOryT ObITb BbISBaHbI KaK MCJKOH Kp 


d 
40 G5 JO 25 20 45 


Puc. 2. PentrenorpamMbs comeli: a — Kanbyuta (CaCQs), 
6—conu Jiunka, @¢ — fomomuta wuuumcKoro (CaCOs- 
MgCOs), @—  marHesuta (MgCOs) 


CTAJIIM4HOCTbIO MH WWIOXHM OOpas0BaHHeM KPHCTaJJIOB, TaK H HepaBHOBeCHI 
COCTOAHHeEM CHCTEMBI. tt 

IIpu TemnepaTypax 3e€MHOM MOBeEPXHOCTH CMECb JOJIOMHTA C KaJIbIMTOM ¢ 
Jiee yCTOHUYMBa, YeM KaJIbUMTO-OJOMHTOBbIe TBepAble pacTBoppi (774), & 
NOATBepxKaeTCA WMPOKHM pacnpocTpaHeHHeM JOJIOMHTA B OCaJOUHbIX NOpos 
WM TePMOXMMMYeECKHMH JaHHbiIMu (°). Fy 

TakuM OOpas0M, MOXKHO OXKHMaTb, YTO MeHee YCTOHYNBHIN KaJIbUUTO-IO. 
MHTOBbIM TBEPAbIi pacTBOp Ip OOKIMHBIX YCJIOBHAX CO BPeMeHeEM MOXET Tepe 
TH B Oomee ycToHunByro dbopMy — MexaHMyecKylO CMeCb JIONOMHTAa C Kal 
ILMTOM. 

IIpu sToM He MoTpeOyerca MOBbILeHHA TeMlepaTypbI, HeoOxos,MMoro, 
MHEHHIO HEKOTOPBIX aBTOpOB (”), WIA YBeIMYeCHHA MOLBH2KHOCTH MOHOB HU TI 
BHJIbHOrO pa3sMeuleHua Ca™- u Mg’-vonHoB B pellerKe Jomomura (?). 

IIpu Onicrpo KpucTaIu3alMH KapOOHaTOB 9TOT MYTb BO3MO%KEH H B Mf 
poe, Ha TO YKa3bIBaeT OUCH WMPOKHM NMapareHesvc KaJIbIluTa C JOJOMHTC 
OHaKO MeJIeHHOe B3aMMOeHCTBHe PacTBOPOB IyTem Juddby3suu Moxer LaBée 
cpa3sy ycCTOHUHBy!O MexaHHUeCKy!IO CMeCb KaJIbIMTa C JOJOMHTOM. 


Kasanckul rocyapcTBeHubili yHuBepcuTer Tlocrynuso 
um. B. WM. Yaesuopa-Jlenuna 26 I 1959 


LIMTHPOBAHHAS JIMTEPATYPA | 

he » Link, Zs. Dtsch. geol. Ges., 61, 220° (1909).. 2 DIOL. (Gat, Jo R°Gaam 
smith, J. Geol., 64, 173 (1956). * K. E. Chave,. J. Geol., 60, 190) (im 
Re le Harker, O. Fe Tin ttle, Am.J..Sci.,253,, NaS, (1955) bea 
F. Ritter, Zs. Phys. Chem., 175, 63 (1936). % JI. T. Bepr, Ipypona, Ne 7,95 (19 


Aorsaye Akagemun nayr CCCP 
1959. Tom 126, N 3 


XHMHA 


Akayemuk 6. A. KASAHCKHH, M. HW. POSEHPAPT u 3. ®. KY3HELOBA 


AECTPYKTHBHOE - AJIKMJIMPOBAHHE BEH30J1IA MPOMNAHOM 


BsaumojelictBue NapaPMHOBbIX MH aPpOMATHYeCKUX YIVeBOLOPOAOB ABJIAeTCHA 
DAHOH U3 HaMMeHee H3YYEHHBIX OOacTeH XHMUM yruleBooponos. B To xe BpeMa 
peakUM MeXKLy STHMH KJaCcaMH COCAMHEHHH MOLYT OTKPbITb HOBbIe MYTH MOsy- 
€HHA PasHOOOPasHbIX APOMATHYECKHX BEMLeECTB, a TAKXKE MOMOUL BbIACHeHHIO 
MpHpOAbl KaTaJIMTHUeCKHX MpeBpalleHuit. 

Ilapadunosble yrieBoJopoghl, Kak culekyer H3 marentos (!,”), aulKHJIMpy1oT 
JeH30J1 B IIpHcCyTCTBHH PTropucToro BoAOposa, (ropucroro Gopa u UX cmMeceli. 
iB MaTeHTaxX MOMYeEPKUBaeTCA, UTO WIA ZTOTO Mpollecca NMpHroxHb! NapaduHyl, 
“OflepxKalllMe He MeHee NATH aTOMOB yrviepoya B Wenn. JlecTpyKTHBHOe aJIKHJH- 
DOBaHHe OeH30/1a H300KTAHOM MpOTeKaeT B MPHCYTCTBHH XJIOPHCTHIX aJIKOMHHHA 
muHka (*) npn 25—75° c o6pa3oBaHuem Tper. OyTHIGeH301a HM H300yTaHa. 
TMeyeHO, 4YTO JeCTPYKTHBHOe aNKUMMpPOBaHNe OeH30Na UeT TakxKe B MPHCyT- 
CTBHM aJIOMOCHJIMKaTHOrO KaTaMsaTopa (4). B HeOombuIoH cTeneHM aJIKHJIMpo- 
BaHve OeH30la 3TAHOM HeT Ha HUKelle, OTOXKeHHOM Ha TiMHOseme (°). IIpu 
PTOM ObVIO MoyueHo 5% Tomyola, MpHyeM KaTasIM3aT He cOJepxKal sTHIOeH- 
pola. Hakouell, culeqyeT OTMeTHTb, YTO B MPHCYTCTBHM HUKeIA Ha Ku3ebrype, 
m0 cooOuleHu10 Mnatbegpa u Moupo (°), npv qaBsennu 410—545 arm. u Temmepa- 
rype 372° us Oexnsou1a OOpasyerca TOON ¢ BEIXOJOM B 12—15% Ha mponyulex- 
HbIM OeH301. BBeqeHHe B peaKIWMOHHY!O CM€Cb MeTaHa MOBbILAeT BbIXO TOMYOsA 
no 15—20%. Ha ocHopaHuu 3THX paOoT H, B OCOOeHHOCTH, eCIH yueCTb, YTO 
Ha HMKeJIeBOM KaTaJlM3aTope MpH faBJIeEHHH BOZOpOfa CesJIeKTHBHO J\eMeTHJIH- 
pyIoTCA MapaduHoOBble yrieBOMOPOAb! H GOKOBbIe WemH apOMaTHYeCKUX YIVIeBO- 
Mopojos (*~°), MOxKHO ObWIO OKULaTb OOPas0BaHHA TOJyoa pH B3aMMoelcT- 
BHH OeH30/1a C pa3HbIMH MapadHHOBbIMH yrvieBodoposaMu No LaB/IeHHeM B MIpHi- 
PYTCTBHH HUKeJeBbIX KaTaJIH3aTOPOB. 

| IIpopenteHubie HaMH TpesBapuTeIbHbIe OMbITbI! NOLTBEPTHJIH BO3MOXKHOCTb 
pOpas0BaHHsAl TOYONa IPH B3aHMOJeHCTBHH OeH3O/Ia C PAXOM HOPMAJIbHbIX Tapa- 
IDHHOBBIX yruleBOLOpOLoB (rentaH, reKcaH, OyTaH, MpomaH) B MpHCyTCTBHH HHKe- 
M€BOrO KaTaslu3aTopa Tipu JaBenuu 60 aTM., T. €. MPH SHaUHTebHO MeHbIeM 
HaBICHHH, YeM B WHTHPOBaHHOM BHuue padote (°). Bonee noxpoOHo Hamu ObiIO 
U3YYeHO B3aMMOJeHCTBHe OeH30JIa C MPOMaHOM Ha HHKewle, OTJIOVKEHHOM Ha KH- 
BeEIBrYpe, OMMCaHHOe B HAaCTOAIeH cTaTbe. 


IKeMePUMeHTANbBHAA YACTH 


OnbiTbl MIpOBOLWIHCb Ha yCTaHOBKe, B peaKTOp KOTOpOH (HepxkaBeloulad 
Tab OA1-T, Buyrpenuuli Juamerp 2,6cm) 3arpyxasocb 200 Ma KaTamu3aTopa 
HUKeIb Ha Ku3esbrype). CBexKHH KaTasIM3aTOp BOCCTAHaBJIMBaJICA Mepe OFbl- 
rOM B TOKe BOsopoya mp aTMocdepHoM JaBeHHH Mu 350° B TeyeHHe 4— 
) YacoB. 

TIpuroropeHHyi0 SKBUMONEKYJApHyIO cMecb Oexsouia (T. Kum. 80,1° mpu 760 Mm 
yr. cr.; d??—0,8787; ni) =1,5010) u nponana noxaBain B peakTop Ipu 3aqaHHOM 
laBsIeHHH Cc OObeMHON cKopocrbio 0,18. TlomyyenHble KaTaH3aTOpbl PasroHsAJIM 
ia KOMOHKe 2deKTHBHOCTHIO B 30 T. T. OpakuMu, KUMeBUIMe BILE 6eH301ay 
Sa 574 


NpewcTaBAH COOoH %KuAKHe MIpOkyKTb! peaklMH, YC/IOBHO HasbInaeMPle Hau 
(aNKUIOCH30/IbPy. OLHAKO 3TH NPOMyKThI COMepRasIM Tak2*Ke MU TBEPAbIe apoMaTH 
yeckHe yIIeBOAOpOfbl, KaK Hac*pTamMH, HW, NO-BHAMMOMY, upenu. fans 1 

PesyIbTaTb! ONbITOB Mp , Upex 
cTaBleHHble B TaO. 1, MoKa3aIH, YTO C 
MOBbILICHHeM JaBJieHHA BbIXOA aKusOeH- 
Bausine aBeHusA Ha BEIXOA ,aIKHI- gojoB, CUMTaHd Ha MpomlyuleHHbli OeH30N, 
6eH30N0B* (apOMaTHKH, KHMAMeH BBbI- yMeHbIlasica ¢ 32 no 30 Bec. %. ; 


i H3071a) U3 MponaH-6eH30bHOL , 
sate ey Pe 400°, o6bemuaa Buavanne TeMiepaTypbI OMbITOB Ha BbI-) 


cKopocth 0,18 XO, KaTaiu3aTa H Ha coOJjep»xKaHve B HEM 
QJIKWJIGeH30/1I0B ObIO OMpeseteHO mpH 60} 
Buixon at- aTM. (cM. TaOu. 2). TipH moppittieHHu TeM- 


Ta6amuna 1 


ee wraceic Wyss aes aE nepatypbl oT 350 yo 450° BpIxoy aN KHI-} 

ee cet at ee ear 6eH3O0JIOB Ha MpOMyuleHHbI OeH30/1 YMeHb- 

sens wmsica ¢ 28 no 21 Bec. % BompITax Ne 354_; 

28 60 45 32 vc 38 no 25 Bec. % B onbirax NeNe 37 u 38. 

29 80 35,0 32 Onpir 35, 35, 4 353 Ob MpoBeAeHbI B OME) 

a 100 49,0 31 HW TOT Ke Ji€Hb Ha pereHepHpOBaHHOM KaTa- 
30 420 85,0 30 


JIM3aTOpe C MpokyBKOH ero BOZOpoom " F} 
NpOMe@xKYyTKaXx Mey ONbITaMH, Kora ycTay 
HaBJIMBaJId HOBy!0 Temiepatypy. Onpirp 37 u 38 — Kamp Ha CBexkel MOp- 
HH KaTasugatopa. YMeHblieHve Temmepatyppl Ho 300° BHIsBaO peskOg 
CHUXKEHHE BbIXOa aIKHIOCH30.I0B B KaTau3ate Jo 10 Bec. %. 


Taodauula 24 


Bawuanue TeMiepatypbl Ha BbIXOA ,ankHOeH300B“ (apomaTHKH, KuMAuel Brie 80°) u: 
TipomaH-OeH30bHOH cmecu. JlaBneHue 60 aTM., O6bemMHanA cKOpocTb 0,18 i 


af 


IIponyuwe-| Bprxoy ankua- TIponyuje-| Bprxon amkus- 
~Ne onpita | Temn., °C q 6eH300B Ha || Ne onpita Temn., °C 6eHSOJIOB Ha | 
J HO CeHg, r 6eH300, Bec, % HO CoH, Tr 6eH30U, Bec. yi 

351 300 235.0 28 37 450 69,0 25 
309 400 Ze 28 381 300 Don 38 
393 450 23,0 21 383 300 220) 10 


IIpu mpopezenuu Autenbuoro onpira Ne 14 (qapnenue 60 atm., Temneparyp: 
400°) ObuIo HaeHo, YTO KaTaM3aToOp B Mpolecce pa6oTh! oTpaBuasca. Burxos 
AJIKMIOCH3OJIOB, CUHTAA Ha MpOMyWeHHbIi OeHsO1, CHCTeMaTHUeCKH YMeHbUlaJl 
ca (cM. TaOw. 3):3a MepBble Ba 4aca ONBITABbIXOL aI KHJIOeH3O0N0B CocTaBH 27% 
BbIXO AIKMJOeH3OJIOB 3a flBa NoceqHAX 4aca paOOTbI B KONE onmbita (T. e€ 
3a MepHox padorn c 18,4 uac. fo 20,7 uac. of Havana ompira) paBuanca 18%) 

AKTHBHOCTb KaTalusaTopa, OTpaBuBuleroca B ombite Ne 14 3a 21 uac Henpel 
PHIBHOM paOoTbl, yAa/lOcb NOBBICHTb, Mpomyckad Yepes Hero B TeYeHHe YeTBIpe. 
yacoB Boopox mpu 100 atm. u 400°; mocne Takoli oO6pa6oTKH BbIXOX anKu6er 
30J1I0B B KaTaJIM3aTe JByX4¥acoBOro ONbITa NOAHAICA No 23%. I 

Oka3a/l0cb BO3MOXKHBIM PpereHePHpoBaTb HUKeeBbIIi KaTaM3aTOp B TOK) 
BO3AYXa, CCIM He JaBaTb IPH STOM MOJHUMATbCA TeMMepaType B 30He OKHCeHH! 
Bpime 400°. Ojnako Taka pereHepallusa KaTamu3aTopa BO3]YXOM 3aHHMaJl 
apa-tpu Ha. Ilepex ombirom KaTaMsaTop BHOBb BoccTaHaBMBanu. Bepos| 
Hee BCerO, YTO MIpH pereHepalMM HUKeeBOrO KaTasM3aTOpa BOLOposomM Mp 
400° u 100 arm. npoucxoguT ruqpoKpeKuur yrmeposHEIx oTMOxKeHUi Ha KaTe 
JIM3aTOpe. 

Hapany c o6pasoBaHveM 43 CMecH OeH301a C MponaHoM BelllecTB, KHMALIM| 
Bbillle O€H3ONa, NPOMCXOMMIM B HESHAYMTeIbHOM CreneHH rH_pupoBaHue Mocwe) 
Hero H M30MepusallMd OOpasylollerocA WMKOreKcaHa B MeTHJIMMKONeHTAal 
OfHako Mbl HM pasy He HaOwOJanu CKOMbKO-HUOYAb 3aMeTHOrTO KOMMUeCTE! 
S22 


WPKHAKUX MPOAYKTOB KpeKHHTa yrvieBooposos. Temnepatypa Hayala KuneHua 

h OMOBHBIX (PpakUMi NpH pasroHKaXx KaTadM3aTa Ha KOJIOHKAX HUKOTIa He Najana 

WHMKe TEMMepaTyPbl KHNe€HHA a3seOTPONHOHM CMecH OeHB8O/la C MeTHJIMLMKIONeH- 
aHOM.| ; 

Bpefenve BoRoposa B peakIHOHHy10 cMecb (60 arm., 400°) ymenbumuo cojep- 
pKaHHe aJIKWJIOeHSO/I0B B KaTalu3ate Jo 10—13 Bec. %. Tipu pasronKe Ha KOVJIOH- 
Ke KaTau3aTa, MOJyYeHHOrO U3 MpomaH-OeH30/IbHOM CMeCH B MpucyTCTBAN 
BOsOpoOda, ObWwIM OOHAPyKeHbI HH3KO- 

KMNALIHe YrvieBowopoypl (Hayao Kune- Ta6auua 3 
Husa 34°). [pH ucceqoBaHuu MmpolyKToB 
peakitHu Obl HalieHbl lapacpHHOBLIe aKTHBHOCTh KaTaJIH3aTOpa. Temn. ombita 
yIJIeEBOO Pohl (rekcaHbi), YTO YKa3sbl- 400°, napnenue 60 aTM., oObemHaa cK. 
BaeT Ha IpoTeKaHve peakHh rupo- Os 


| 
t 


Baunnne NPOJOJDKUTCJILHOCTH ObITa Ha 


|Kpeknura HW rHAporenouusa HadTeHos, 

, = Bnixog an- 
| MONYYeHHBIX B pesysbTaTe THApupoBa Wie | Wepewa paGoru:| Teeneucen ieee eee 
JHUA HW U30MepH3alHH apoMaTHuecKHX JOB Ha 
Ii OnbITAa yac HO C,H,, r 6en30u, | 
! yruleBOLOpoos. rece eat 


ConoctTaBuaAa aHHble HacTosuen 


|paOoTbl C pe3syJIbTaTaMUu UCcuIeqOBaHHA 14 0=2: 0 36 27 
THIporeHoiu3a yruepotopowop nox 2,0—4,3 31,9 26 
WaBleHieM BoOfoposa, mpoBexeHHoro poeta soo a 
-OMHHM M3 Hac copmecTHo c E. M. Te- 8'°9--11.3 300 93 
peHTbeBoli (1°), MOXKHO 3aKJIIOUNTb, 110 11,313,8 31,2 23 
| Waplenve Bosopoxa mpensatcrByer He 13,8—16,0 31,2 19 
| TOUbKO peak paciilenseHHsA, HO H O6- rte aoe i 
pasopaHua C —C-cBa3eH B MmpucyrTcT- 45* 99 34,4 23 


|BHH HHKeJIeBbIX KaTasIH3aTopoB. Bos- 
|MOXKHO, 4YTO 3TO ABJeCHHe CBA3AHO C  ___ 
| YMCHbINeHHeEM TO BJIMAHHEM JaBJIEHHA * Tlocme  pereHepaunH ‘BO,opozom, 
/Boopoya akTHBUpoBaHHoH aycop6uun 100 at., 4 uaca, 400° 

| HaCbIIeHHbIX YrleBOJOpOAos. 

| JA BbINCHEHHA COCTABa MPOLYKTOB, OOpPa3syIOULAxcA H3 MpoMnaHn-6eH30/bHOH 
| CMECH C BbIXOOM 18—38%, Bce PpakUMU KaTaMH3aTOB, KUMEBLINE BbIlle OeH30IA, 
ObWIH COeAMHEHbI HW NMOABeprHyTbI pa3srouke Ha TOH %Ke KoOHKe. KpuBasn pas- 
_TOHKM, HauHHasd C TOYOUbHO (pakuuu, npHBesena Ha prc. |. Bio Bpileneno 
77 Bec.% (cuuTad Ha MpOAyKTHI peaKUHH) TOMYOMbHOK Ppakunn, coxepKaBweh 
95% Toyoua (HeNpelesbHbIe OTCYTCTBYIOT) H UMeBIWeH CJIeMYICILMe KOHCTAHTHI: 
tT. Kun. 109,0—111,0°; a =0,8593; 120 =1,4923; janee_ Oblio0 OTOrHaHO 


9 Bec. % KCUNONMbHOH dpakuuu, 3% nponnGeH30bHOl. PpakunH u 9% yrue- 
BOMOpofoB, KunAwHx Bbiue 170°. M3 conocTtaBneHuaA faHHbIX pasroHKH 
M pe3yJIbTaTOB HCCeAOBaHNA CNeKTPOB NorsoweHua PpakUn B yAbTpaduose- 
TOBOH OG6aCTH Mp HH3KHX TeMNepaTypax * cylelyeT, YTO B KCHJIOMbHOM @pak- 
IMM KPOMe KCHJIOJIOB cosepxKUTCA STHIOeH30, aB NponHCeHs0JIbHOH — u30- 
nponus6en3o. 

IIpu nponyckayuu ofHoro GeH30u1a B TeX %Ke YCOBHAX, UTO M Mponan-Oen- 
30JIbHOH CMeCH, BBIXOJ, aJIKHJIOCH3OIOB cocTaBAAs Bcero snub 8—l4%, 
B npofyKtTax peaKkIWH, NOJyYeHHbIX 43 OAHOTO GeH30Na, cosepxaoch 82% 
TONYONbHOK cbpakuuu (cM. puc. 2), 16% yrneBoxopofoB, kuNnsmMx BENE 170°; 
nepexouad (bpakuus, coflepxKapliad KCHONbI, cocTaBuua Bcero 2%. Takum 
O6pasoM, BbIXOA TOJyoONa U3 MponaH-GeHsobHOH CMeCH COCTaBHJI B CpeHeM 
23 Bec. %, CUHTad Ha OeH3Ou, a CpeqHHH BbIXOJ TONyoNa u3 UNCTOrO GeH3ONa 
papnaca 9%. Takum o6pasom, B IIpHCyTCTBHH NpoNMava NpOLyKToB, KMNALWLAX 
BbIle OeHsoa, O6pasyeTcA B 2—3 pasa Coble, YeM MpH NponycKaHHH yepes 
KaTau3aTOp OHOrO GeH30Na. STO ABJEHHE BbISbIBAeTCA, NO-BHAMMOMY, JBYMA 
mpwunnamn: 1) ecrpyKTHBHBIM aJIKHMpOBaHHeM OeHsoJ1a NponaHoM, KOTOpoe 


* CnekTpambuoe uccmeqosanne dpakunli Opino BbinomHeno B. JI. Bpoyge s Mucrutyte 
dusuxu AH YCCP, 3a To Bbipaxkaem eli cBolo OnarogapHoctT. 
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liporekaet HapsAy C aBTOa/KMJIMpOBaHHem OeH3ou1a (MYULMM Ip NpolyckaHHw 
omHoro GeH3oua) H 2) YMeHbUIeHHeM OTPaBeHHA HUKeMeBOrO KaTaMsaTopa 
IIpH MpoBeweHHu peak B TOKe Iipolana G4); ; 

TlockoabKy B KaTaJI¥3aTaX MpOmaH-OeH30/IbHOH CMeCH COslep2KayloCb CBBIIITEe 
3% mponua- u STHMOeCH3OIbHOK (ppakUMH, a B KaTalM3aTe OAHOTO OeH30/1a He 
ObIIO OOHAPy2KeHO 3aMeTHBIX KOJMYECTB ITHX YIeEBOAOPOOB (Bp padote Mnats- 
esa u Moxpo (°) »xHa~KHe MpokyKTbl peakUMH coseprxKaH Oo 98% Tomyoua, 


th 
U6 
450 150 
120 20 | 
A 
OO) tall Oa aU. Aad 90 
ve 0. &  @ “Bez 
Puc. 1. Koupas pa3roHkH cMecH (pak- Puc. 2. Kpupas pa3roHku cMecH (ppak- 
Uuii, KAMAWMX BbILWe OeH30a, KaTaIH3a- WH, KMMAWMX BbNe OeH3o0a, KaTaJIH- 
TOB IpolaH-6eH30.1bHOH CMecH 3aToB O6eH30a 


M ABTOPbl He OTMETHJIM MpPHCyTCTBHA NpoMH- H STHMOeH3Oa), CeayeT Mpesy ; 
MOMOXKUTb, YTO B HalllMX YCOBHAX MPOMCXOAHO TakxKe MPAMOe aJIKMJIMPO- ; 
BaHHe Oe€H30J1a MpOMaHOM; BO3MOXKHO, OOpa3syIOWMHcA NponHiOeH301 YaCTHUHO 
JeEMeTHIUNPOBAICA B STHIGeH3O1 HM faslee B TOYO. 


Vuctuty? oprannueckoli xumuu Tlocryms1o 
um. H. JJ. Semuucxoro 11 III 1959 
Akalemuu Hayk CCCP 
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Aokuanp AkKagemun nayr CCCP 
1959. Tom 126, Ni 3 


XHMHA 


Bb. M. MUXAHJIOB, B. A. BABEP un IO. H. BYBHOB 


BOPOPrAHHYUECKHE COEXMHEHHA 


PEAKUHH BOPTPHAJIKHJIOB C COEAMHEHHAMH, COJEP)KALIMMH 
- TOJBYKHbIA BOJOPO) 


(ITpedcmaeaexo axademuxom B, A. Kasancxum 9 IT 1959) 


PeakuMOHHad CHocoOHOCTh aslMdaTMuecKUX CoeqMHeHHii Sopa nO oOTHoLie- 
WO K COe@MHEHHAM C aAKTHBHbIM BOJOPOAOM OYeHb MaJIO uCCeEOBaHa. OGpbexK- 
OM H3yYYeHHA CJM TlaBHbIM OOpa3s0M TpHMeTHOOpP, KOTOPbIi pearupyer 
Boou ('), MeTHamMHHoM (*), aMMuakom (*), aHuMHom (4), JuamuHamn (°), 
THJICHTIMKOJIEM WH MHpOKaTexHHoM (') B %KecTKHX ycuoBuax (npu 200—300° 
KON WaBJleHHeM), OOpa3yA MeTaH HM COOTBETCTBYIONIMe METHJIbHbIC MPOHSBOHbIe 
hopa. MspecrHo TakxKe, YTO TpHaTHIOOP pearupyeT MpH HarpeBaHuu c f-ra- 
(OUJSTHIOBLIMA CHpTamu (°), TpH-H-OyTHIOOp KuNAeH OpoMucToBosOpoyHou 
KMCJIOTOH MOxKeT ObITb MpeBpallleH B LHOyTHMOOPHy!O KUCJIOTY, a CyXHM Opo- 
MACTbIM BOKOPOAOM B AuOyTuOOpOpomuy (*). OfHHM “U3 Hac u M. B. Tytopcexon 
“0Ka3aHO, YTO TpHalIMNOOp OONaqaeT HEOOMMAaHHOH YYBCTBHTeCJIbHOCTbIO K pe- 
\TEHTAM, COJep2xKalluM MNOLBHXKHbIM BoROpon (*). C Boo, cnupTaMu uM aMu- 
1aMH OH pearMpyeT ake pH KOMHATHOM TemmepaType, 3aMelllad OHH WJM 
(Ba AJIJIMJIbHbIX pauKaJla Ha COOTBETCTBYIOIINe Ppynnyl. 

B cBx3H CO CKa3aHHbIM MpeACTaBIAIO 3HAYHTEJIbHbIN MHTEpeC H3Y4HTb MOBe- 
J@HHe BbICLUHX OOPTPpHaJIKHJIOB MO OTHOMICHHIO K pa3JIMUHbIM peareHTaM C aK- 
{MBHbIM BOJLOPOJOM UH BbIABHTb BJIMAHME MPHPOAbI HCXOMHHIX BEWLECTB Ha Mpoecc 
paspbIBa Oop-yriepoqHOH cCBA3H. 

Hamu Obi W3yYeHbI peaKUMH M@KLY TPH-A-NpoOnwJ-, TPHH3ONpONH-, TPHu- 
t-OyTuJI-, TpHU300yTHJI- H TpHH30aMHJOOpOM, C OAHOHM CTOPOHbI, H BOOK, cnup- 
aMM, (PeHOJIOM, AMHHAMH HM MepKaNTaHaMH, C Apyrou. OkasaJlocb, 4TO BBICWIHE 
DopTpHaikusbI mpH 160—170° sHepruuHo pearupyloT c BOAO, MpHyeM MOVJy- 
HaloTCA JMaJIKHJOOpHble KUCOTHI (1), BbIAeAeMbIe pH MeperouHke B BUC UX 
ATH PHOB c BbIxofmamMu 65—71% (cm. Ta6m. 1). Peakuua compoBoxyaeTca 
DOpasoBaHHeM OJePHHOBLIX YIIeBOLOPOAOB HM BOMOPOMa, a TAKKE MPeMCbHbIX | 
yrueBoxopoxop. Tevenue mpomecca MoxkeT ObITb BbIpar%KeHO CXeMOI: 


f 


RsB + H.O > R2BOH + RH + R_yq + He 
(I) 

OTHOCHTeJIbHbIC KOJMYeCTBA OOPAasyIOWHXCA pH peaKUHH yrvieBosoposos 
1 BOLOPOMa 3aBUCAT OT yCOBUi MpoBegzeHua onbiToB. IIpu npHOaBeHHH BOLEI 
NOPWHAMH K HarpeToMy OopTpHaJKUJY MpeHMYLLeECTBeEHHO OOpa3yloTcA oNedu- 
HOBIE YIIeBOLOPOAb! H BOMOpOR (cM. Tad. 1), MpH HarpeBaHHu 2%e PaBHOMOUe- 
KYJLAPHOM CMeCH peareHTOB MmpeseMbHOrO yrieBoxoposa NoJyyaetca Oosbue, 
1€M OJIe*PUHOBOrO. 

B 9Tux 2%Ke yCOBUAX OOpTpHasKUIbI pearupylor C auMaTHyecKUMH CIMp- 
raMu wM (beHOOM, MpeBpaliladcb Cc BbIXoLamH 65—80% B aJKMJIbHbIe HIM 
peHMJIbHbIC SbUpbI LMaKUOOpHEIX KucsoT (II), MmpeyertbHbIe U OsePHHOBHIC 
VI'IEBOLOPONbl H BOOpPOI. 

RsB + R’OH > R2BOR’ + RH + R_y + He 
(11) 
R’ = Aunkua, CoH; 


or 
~J] 
Ot 


Anudatuyeckue M apoMaTH¥eCKHe aMHHbI pearupylor c OopTpHaJKHJIaMH| 
npu 170—200°, riaaKo ipeppalijasch B N-3aMelleHHble [Ha KUOOpaMuHbl (IIT) | 
Peakuua compoBoxaeTca OOpasOBaHHeM MpefeNbHbIX M OJePHHOBBIX YTJICBO-§ 
OPOOB HU BOMOPOa, COOTHOLMEHHE KOTOPbIX 3aBHCHT OT MPHPOMbl HCXOAHONCH 
aMuHa (cM. TaOs. 1). 


RsB + NHeR’ > R2BNHR’ + RH + Ry + He 
(It) 
R’ = Aunxua, CgHs 


MepxkanraHbl BCTyNator B peakHI0 C OOPTpHaKHJIaMH Jaze Np KOMHAaTHOH® 
TeMMepaType; OHaKO MpOlecc BSTHX YCOBHAX HE AOXOAMT NO KONA U WIA ELC; 


Ta6auma & 


Kouuy, ragoo6pa3Hbix 
MpOAYKTOB peaKllHH B 
MOJIAX 

" R,B Mow RAYE Moun a Tipoxykt peakinw 
ie s iS 

N N 
2 ore rs, o 
4 S) ©) lao 
1 (i-C;H,),B 0,077 H,O 0,077 0,048 0,048 0,047 [(7-C,;H7)2B],0 
2} (A-CsHy),B 0,091 H,0 0,094 | 0,018 | 0,071 | 0,075 [(4-C,H,)2B ],0 
3 (é-C,4H,)3B 0,112 H,0 0,412 | 0,003 | 0,104 | 0,402 [(/-C,H,)2B]2,0 
4 (é-C,H,,),B 0,070 H,0 0,080 0,051 0,055 [(éC,Hy1)2B J,0 
5 | (a-C,4Hy)3B 0,066 C,H,OH 0,066 | 0,038 | 0,026 | 0,028 (#-C,H,)2BOC2H, 
6} (a-C,H.),3B | 0,053 -C,H,OH 0,053 | 0,040 | 0,040 | 0,039 (H-C4H»)2BOC,Hs-# 
7| (aA-CyHy).B 0,075 C,H,OH 0,075 | 0,012 | 0,052 | 0,057 (H-C4Hy)2BOC,H, 
8 (A-C;H,).B 0,054 i-C,sH,NHe2 0,064 | 0,0093) 0,0376| 0,0394 (#-C,H,)2BNHC,H,-é (°) 
9| (aA-C,H,).B 0,054 n-C,H,NH2 0,06 _— _— — (H#-C4H,)2BNHC,Ho-# 
10 (x-C3H,),B 0,071 C,H,;NH, 0,078 0,0232 |} 0,0473 | 0,0478 (a-C,H;)2BNHC,H, 
14 (a-C,H,).B 0,079 H-C,H,SH 0,085 0,0760 | 0,0004 _ (H-C,H,)2BSC,H -# 
12| (a4-C,Hy),B | 0,110 x-C,H,SH 0,44 0,0736 | 0,0023 | 0,0020 (H-C4H,)2BSC,Hp-x (°) 
43}  (2-C,H,),B 0,076 H-C,H,SH 0,076 | 0,0568} 0,0044} 0,0006 (i-C4Hp)2BSC,Ho-# 
441 (é-C,Hy1),B | 0,065 x-C,HoTH 0,0668 | 0,0464 | 0,0053| 0,0053 (é-CsHy1 eB >CyHo-#t 
15| (a#-C,H,),B 0, 0658 C,H,SH 0,066 | 0,031 | 0,044 | 0,014 (a#-C3H,)2BSC,H, 

AnastH3 
} x2 Mea. (0 29 Halifeno B % BbINHCICHO B % 
=| m °C/mMM 4 D ’ 
R Ke 
On [o) 
4 a Cc H 12a pal H B 
cA 0 [ 
| 

4 59,5 71—78/8 0,7764 14,4222 69,15 | 13,39 | 10,383 | 68,64 | 13,44 | 10,31 
2 Thihegl 1389—140/12 0,7903 1,4270 — _— _— -- — sas sf 
31 67,4 141—112/9 0,7723 4 ,4230 72,04 | 13,38) 8,26) 72,22) 13,64] 8,43 | 
Ni Gh 8) 143—144/4 0,7934 41,4331 74,43 | 13,61 | 65365) 74,55) 13,77 |— 67am 
Balen 65 79—81/20 0, 7886 44105 — — 6,40) — — 6,33: | 
6] 80,4 92—94/8 0,8077 14,4222 _— — = = = = 
i 75,8 118—119/7 0,8798 1,4760 76,99 | 10,62 ,131 77,08] 10,63 | 4,96 ° 
S325 (Pada 0,7724 14,4250 — — = = = = 
9} 86 92—93/8 0,7758 14,4302 73,90 | 14,28} 5,66] 73,09] 14,31} 5,49 
LON 7455 117,5/14 0,8859 1,5050 76,32) 10,58; 5,66] 76,21 | 10,66] 5,72 
44 60,5 98, 2/11 0, 8286 1,4598 64,42] 12,50] 6,15] 64,51 | 12,45] 5,84 
12) 68 117/8 0,8367 1,4548 — — = = es = 
13,|, 68 107/9,5 0,8213 1,4572 67,50 | 12,88} 5,33] 67,27] 12,71] 5,05 
44) 72,8 132—133/8 5 0,8219 41,4554 70,07) 12,98 4,72 | 69,40] 12,90} 4,47 
15 67 124,3/11,5 0,9252 1,5194 70,00! 9,34] 5,38] 69,91! 9,29! 5,25 


3aBepIIeHHA CuleqyeT HarpeBaTb CMecb pearentos 70 140—150°. B pesynprare 
peaklHu c BEIxoqamn 60—73% nosyuyaloTcA aNKMJbHbIe ScpUpbl AMaKHITHO- 
OopHbIX KuculoT (1V), CHHTesHpOBaHHble panee U3 OopTpuadKuOB u ceppl (°). 
IIpu yka3aHHOM cmoco6e mpoBeyeHuA peakUMH, HapsAy c scpupamMu THOOOPHBIX 
KHCJIOT, NOJyYalOTCA MOUTH MCKJIIOUHTEbHO COOTBETCTBYIOUIMe NpeyebHble 
yruepogoponn. Tuodbeno pearupyer c OopTpvankusamu npn 150—170°. 


(IV) 


R’ = Ankun, GgH, 
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| Hayyenuple peak aBsAIOTCA CrymeHYaTbIMH; OHH MpoTeKalor yepes cra- 
uO OOpasOBaHHA KOMIVICKCHBIX COeqHHeHHIi OopTpuatKUJIOB C KHCMOPOHBI- 
M, Aa3O0THCTbBIMH HIM CepHHCTHIMH afeHyamu (V). 


R3B + Sag ie RgB Eras 
H (V) H (1) 


¥,— 0, NH, S 


| Kommustekcuble coequHenua (V) mpeTrepnepatoT 3aTeM J[BosKOrO pola mpe- 
pamenusa. Ileppoe u3 Hux 3akIOUaeTCA B paciaye KomnseKcos (V)-Ha mpesedib- 
Ble YIIeBOLOpOAbl WH COOTBETCTBYIOUIMe OOpopranHyeckne coequHeHuA (VI) 


ReB <— Y — R’-> ReBYR’ + RH 


ely 
RH (VI) (2) 


Ye OP NERRS 


POT Npollecc MpoTeKaer, OYeBHAHO, Yepe3s CTaMM OTPbIBa MpoTOHa OT rerepo- 
‘TOMA HM OTIJCNJICHHA aJIKHJIbHOH rpynnbl B BAe aHHOHa OT aTOMa Oopa. 

_ Bropoe HanpaBuienue pacnayja KOMMVIeKCHBIX coeqMHeHHit (V) 3akouaeTca 
» 3JIMMMHHPOBaHHH OJlePHHOBOrO yrvieBoqoposa HM BOosOponma u OOpas0BaHHH 
oeqHHeHHH (VI) no cxeme: 


RB ni serie RY Rivet ee Phe 
H (V1) 


(3) 


Y= Oh Nid 


OTOT mpollecc HaHOoulee APKO BbIPAKeH MPU B3aMMOeHCTBUN OOPTPHaJIKUIOB 
BOOM, CIMpTaMH WJIM aMHHaMH. OH npoTekaeT Cc OONbIUNeH CKOPOCTbIO, KOra 
is peaKIMOHHOM CMecH MMeeTCA M3ObITOK OopTpHaskKHJa. BsIMAHHe KOMMIeKCOOO- 
)A30BAHHA Ha CKOPOCTb peaKUHH 3IJHMMHUPOBaHHA MpOABJIAeTCA MpH TepMKH- 
MECKOM pacriagle NMpHAMHaTa TpH-H-OyTHOOpa. Hamu HalieHo, 4TO BbIqeueHHe 
YTHIeHAa 3aBepllaeTCA B JaHHOM Cylyyae B TeyeHHe 6 uacoB mpu 180°, B TO BpemMa 
KaK TpH-H-OyTHOOp mpeTepneBaeT aHaJIOrM4HOe MpeBpallleHue MpH TOM Ke TemMe- 
aT pe JIMIIb B pesybTate 10-qHeBHOrO HarpeBaHns (1°). Bo3MoxKHO, 4TO MpeBpa- 
imeHHe KOMMIeKcoB (V) mo cxeme (3) MpoucxogUT 4epes cTaqHIO OOpasoBaHusA 
KOMNJIeKCOB JMaiKHIOOpaHoB (VII), koropbie 3aTeM ObICTpO OTIENJIAIOT MOue- 


KyaIy Boopoya: 


R3sB Se NESS R,HB — Y — R’ -- Ry R2oBYR’ ae He. 


| 
H (VII) i (VI) 


Hs3yueHHple HaMH peaKUMH ABJIAIOTCA MPOCTbIMH H OYeHb YAOOHBIMM B lpe- 
MapaTHBHOM OTHOUIeHHH ciocoOaMM NMOJyYeHHA WMaJIKHJIOOPHbIX KUCJIOT, UX 
d@upop, N-3aMelleHHbIX JuaKHIOOpaMHHOB H SPHPOB AMaJIKUJITHOOOPHbIX 
KHCJIOT.§ 


QIKCNeEPHMEHTANLBHAA YACTH 


I Cuure3 60ptpuaakuaos. K 4-moiapnHomy spupHomy pacrBo- 
py xH-OyTHIMarHuOpomnza (1,8 Moma) npHOaBssanocb 0,19 Mons u3s00yTHMeTa- 
Oopata. PeakuMoHHad CMeCb KUNATHIaCb 2 aca H OOpaOaTHIBanach 7% CoNAHON 
KHCIOTOH. Opup HW CHMPT yAaANIHCh B BAaKYYMe B MPHCyTCTBHH H3ObITKa BObI 
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lp Temneparype He Bbite 50°. Beixox Tpu-x-Oyru6o0pa 89 r (85%), T. KHIM. 
85 —86°/8 mm, AnasornuHO MomyyeHbI Tpu-A-IponmuOop, TpaHsonponHoop, 
TPHu300yTHIGOp HU TpHu30aMuUsOOp. . 
Il. Peakuua OopTpHadKua0B Cc BOOK. B mpH6op, co- 
CTOAMMHM U3 TpeXropsOH KOJObI C OOpaTHbIM XOJIOAHJIbBHAKOM, TEPMOMCTPOM H 
BBOJOM JI a30Ta, HOMeulaloch 0,07 —0,1 Mona 6oprpuanKkuna. [Ipuoop coenn- 
HAWICH C Ta3OMeTPOM, HCXOLHbI OopTpuaikus HarpeBasca oO 160—170° * 
H K HeMy B TeYeHHe OAHOrO Yaca MpHOAaBJANOCh IKBUMOMAPHOE KOMYECTBO 
BOLI, CBOOOLHOH oT KucMopoga. pn nomyyeHun aHruspHya THM30aMuJIOOpHOH | 
KUCJIOTbI H3 TPHH30CaMHOOpa MEXKLY UpHOOPpOM M TasOMeTPOM MOMELaslacb JIO- 
ByllKa, OXJaKlapluaica fo —/0°. PeakuMOHHad CMeCb HarpeBaJiacb elle] 
2—3 yaca upu 170—180°, 3aTem oxmaxJaylacb JO KOMHaTHOM TeMmepaTypbI 
H IpHOop mpoxyBasica a3oTom. Ta30BaAd CMeCb aHaJIM3HpOBaJlacb, a 2KHKME| 
MPOLYKTbI peaKWUH (PpakUMOHHPOBaJIMCb B BakyyMe. | 
Le -P 6 ak wea O6opTpuHaIKHIOB co cnuupTaM4s.| 
K 0,053—0,075 moma tTpu-H-OyTu60pa UpHOaBJAIOCb SKBUMOJEKYIAPHOe | 
KOJIMUYECTBO CHUPTa HIM (peHOJIa, MH CMeCb KHNATHJIACh MO NpeKpallleHHA BbIseIe- 
HUA raz000pa3HbIX yIIeBOLOPOAOB. OTHJIOBLIM CNHHpPT MpHOaBIAJICA K Harpe-| 
TOMY TpH-H-OyTHOOpy HeOOMbUIMMH NOPLHAMM Tak, YTOObI TemMepaTypa Ku-} 
NeHHA CMecu Obiwia He HuxKe 1O0—115°. | 
IV. Peakuunx OopTpuHantkKuNOB C AaMUHAMUH. PaBHOMO- 
JeKyJApHad CMecb OoOpTpHaKHIOB C H-OyTHJIaMHHOM HarpeBaiacb npu 190— 
200° B reuenne 2—38 uacos. Ja 3aBepUIeHHA peaKUMN TpH-H-MponHOopa C aHH-! 
JIMHOM HeOOXOAMMO MOJlyTOpadacoBoe HarpeBaHue cmecH pH 170°. | 
V.PeakuwuaA COopTpHanKuNoB c mMepKanTaHaMHy 
PaBHOMOJIeKYIAPHOe KOMMYECTBO GOPTPHaJIKHJIOB HM MepKaNTaHOB CMeLIMBaJIOCh 
IipH KOMHaTHOH Temmepatype. Ilo mepe BbiqeseHHA Ta3a CMeCb MOCTeMeHHO Ha- 
rpeBaslacb 0 150°. Tlonyuenupie spupbl AHasIKHJITHOOOPHBIX KUCJIOT NpeCcTaB-} 
JIAIOT COOOH OeCIBETHbI€ BELECTBA C OTBPATHTCJIbHbIM 3allaXOM, CMCLUMBalollie-} 
CA C OpraHH¥eCKHMHM PaCTBOPHTeIAMH, Ha BO3Ayxe OKuCIAIOTCA. PesysbTaTElt 
OMbITOB NpHBeseHbI B Tabu. 1. 
VI. Iupugauuat Tpu-vx-6ytTuAG6Go0pa. Komnuexc tpn-v-6y- 
THIOOpa C MHPHAMHOM OOpasyeTcaA Tp CMelWIeCHHH IKBUMOJIEKYJIAPHbIX KOJIN-) 
YeCTB MCXOMHBIX BelecTB, T. Kun. 95—97°/5 um, di’ 0,8581, ni 1,4870. \ 


Hatigeno %: C 77,61; H 12,46; B 4,54 
Ci,H32BN. Bpruncneno %: C 78,16; H 12,35; B 4,14 


0,03 Moat MupHAMHaTa TpH-A-OyTHNO0pa HarpeBasucb 5,5 yacoB mpH 180 —I 
200°. Tlonyyeuo 0,031 mona OyTusmena. 


Vuctutyt opranuueckolt xumuu um. H. JI. 3enuucKoro Tloetyn uso 
Axkayemuu Hayk CCCP 9 II 1959 
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XHMHA 


M. C. MYCTA®HH 


D SIPENEJIE 4YBCTBUTEJIbHOCTH AHAJIMTHUECKHX PEAKTHBOB 
| (ITpedcmaeaeno axademuxom A. A. Bepeom 24 III 1959) 


Muorve 43 MpHMeHAIOWHXCA B HaCTOMIlee BPeMA aHaMTMUeCKUX PeaKkTH- 
B MO3BOJIAIOT YBeEPeCHHO OTKPbIBaTb JOJIM MHKPOrpaMMa WCKOMOrO BelllecTBa 
DH 3HAUMTEJIDHBIX TIpPeAeIbHbIX pasOaBeHHAX (1,”). HM Bce xe B pate cryyuaes 
1KaA UYBCTBUTCIbHOCTbh OKa3bIBaeTCA HeOCTATOUHOH, O YM CBHJeTeIbCTBYIOT 
NOMOI2KAIOULMeCA MOMCKH HOBbIX PCaKTHBOB M paspaOoTKa IPpHeMOB KOHILeHTPH- 
DBaHHA WCKOMOrFO KOMMOHeHTA HJM aHaJIMTHYeCKOH (opMBI. 

UyBcTBHTeJIbHOCTh JaHHOrO peaKTHBa MO OTHOIWeHHIO K TOMY HIM HHOMY 
}ukecTBy, XOTA H 3aBMCHT OT Weoro pata (bakTOpOB (pHposbl pacTBopuTess, 
aku Cpelbl, TeMlepaTypbl, XapakTepa avasMTHYeCKOrO atppekta, cmocoba 
OMOJeCHUA, HaJIHYHA MelUaIOUMX BeIeCTB UT. 1.), HO MPH MpOunX PaBHbIx 
PIIOBHAX ONpeeIAeTCA XHMHUeCKHM CTPOCHHeEM KOHeUHOTO MpokyKTa peak- 
iu. IMeHHo MoceqHee Mpelompefesser Takve BaXKHble CBOMCTBa aHaJIuTH- 
CKOH CopMbI, KaK PaCTBOPHMOCTb, TyOMHa WH MHTCHCHBHOCTb OKpacKku (3~$), 
AKHOCTh 3HAYCHHA YKa3aHHbIX CBOHCTB CBA3AHa C TEM, 4YTO Ha paKTHKe Mbl 
MOLaBIAIOWULeEM OOJIbIUHHCTBE CJIYYaeB HMeeM JeIO HIM C peaKTHBaMH-ocayu- 
WIAMH, WIM C KONOpHMeTpHueckuMH peakTHBaMu. IlepBble, Kak H3BeCTHO, 


PCIIBETHOTO HJIM OKPalleHHOrO Ocal{Ka, PaCTBOPHMOCTb KOTOpOroO pelllarouse 
<a3bIBaeTCA Ha YYBCTBUTeIbHOCTH. AHaIMTHYeCKHH adPekT B CJly4Yae KOJOpH- 
PTPHYeCKHX PeaKTHBOB CBOAMTCA K M3MeHeHMIO XapakTepa OKpacKH pacTBopa; 
cHO, UTO MPH 9TOM YYBCTBUTEIbHOCTb 3aBHCHT OT KOJIOPHCTHYCCKUHX CBOMCTB 
aJIHTH4eCKOH (popMBI. 

| XUMU4eECKHH aHaJIM3 B HaCTOAee BPeMA PacioJlaraeT OFPOMHbIM apceHa- 
‘DM PpeaKTHBOB, TlaBHbIM OOpa30M OpraHHyecKHx, WH HCO MX MpososuwKaer 
acTH. Ha HeKOTOpble HOHBI yxKe MpeAOx*KeHb!l COTHH BeULeCTB, a MOHCKOBbIe 
rCleMOBaHUA, HallpaBJIeHHble Ha OTbICKAHHe HOBbIX, Oovlee YYBCTBUTE/bHbIX 
MW Ooslee cnelupuyecKHX PeaKTHBOB BeyTCA, He MpeKpallladcb HH Ha OJMH 
Hb. [Ip STOM Heb3A He 3ayMaTbCH Hall TeM, CKOJb WelecooOpasHbl B Kax- 
bM OTJ@JIbHOM CJly4ae 9TH MOHCKH. 

UyBcTBUTeIbHOCTh IpAMOFO OTKPbITHA JIOOOrO MCKOMOFO BellleCTBa C MO- 
)PULbIO XHMHYeCKUX PeakUMH JoKHA HMeETb HEKOTOPOe MMHHMAJIbHOe 3Ha¥e- 
lie, HW2Ke KOTOPOrO He MOSBOJIAIOT CHYCTHTbCA (busH4ecKHe U Pu3sHoMOruYe- 
“Me 3aKOHOMePHOCTH BOCMpPHATHA aHamMTHYeCKOrO S*PeKTa. OTH 3aKOHOMep- 
DcTH MOUTH He paccMaTpuBatoTca B yueOHHKAaX UM CIIpaBOUHHKaX, Yallle BCero 
)PaHWINBaIOWMXcA OOCYKTeEHHEM B3aHMHOM CBASaHHOCTH YBePeHHO OTKPBI- 
heMOrO MHMHHMYMa M lpeyebHoro pa3sOaBJIeHHA. 

OueBH HO, YTO eCJIM B OCHOBe aHAJIMTHYeCKOFO Mpollecca JIeXKUT HeKAaTaJUTH- 
PCKad, BH3YasIbHO HaOwloqaeMad XMMMYeCKadA peakUNA UH MWA MpOBeeHuA ee 
bpyT H3ObITOK peaKTHBa, TO MOABeHHe OCaKa WIM H3MeCHeEHHe OKPacku pac- 
BOpa Oyler 3aMeTHO TOMbKO Tora, Kora KOHI[eHTPallHA MCKOMOYO BelllecTBa 
Oyler MeHbIlel, vem TpeOyer MpexetbHoe pasOaBseHHe JaHHOH peaKkIMn. 
MpOTHBHOM cylyyae aHamuTMueckni acdeKT He OyAeT HaOmiOfaTbcA, XOTA 


KOe TOOKeHHE OOYCJIOBJICEHO UYBCTBUTCJIbHOCTbIO HOPMaJIbHOrO Tla3a K BOC 
MNPHATHIO pa3JIHYNA B OKPaCKe HJIM OCBELMLEHHOCTH CpaBHHBaeMbIxX MIpeMeTO: 
WJIH MoBepxHocTeli. Hampumep, MevKAy HeabHo Ceol uv adcomOTHO YepHO! 
TIOBEPXHOCTAMH TEOPeETHUECKH JOIYCTHMO CyUieCTBOBaHNe OecKOHeYHOrO YHCH; 
CepbIX MOBepXHOCTeH, OKPallleHHbIX B TaK Ha3bIBaeMble aXpOMaTHYeCKHe UBeTA 
Omnako H3 HHX HOPMAaJIbHbIM Tas B JIyuleM cilydae pa3iuuaeT TOJIbK 
oKosIo 250. 

CreqoBaTesbHO, Mp OObMHbIX HHTCHCHBHOCTAX CBeTOBOrO MOTOKa MbI CIC 
COOHbI BOCIPHHATS rpHMepHo 0,4%-e pasuIMuHe B OCBeUeHHOCTH ABYX OMHC 
PpOfHbIX MoBepxHocTeli. B Tom cayyae, CCIM MbI HaOJIOaeM CBeTOBOH MOTO 
He mocule OTPaxKeHHA, a Mocue NpoxowKJeHHA ero Yepes HekoTOpyto cpery, T) 
ywBe paccMaTpHBaeMbie HaMH paBHble WoWalw OyAyT KasaTbCA Pa3sH4YHO OCBES 
D{CHHBIMA TOJIbKO Tora, Korga 0,4% oHOH us HHX OyJeT 3a9KPaHHPOBAHC} 

CopeplleHHO aHaslorHuHO OOCTOHT eNO MH CO CHOCOOHOCTbIO rula3sa pach 
JIMYaTb OTe bHbIe UBeTa B BAXHMOM OOAaCTH CHeKTpa SJIEKTPOMAPHHTHBIX KOVJIé 
6aHHi; UYBCTBHTEJIbHOCTb Tvla3a MMeeT MpesebHOe 3HAYeHHe, PasIHM4HOe K pars 
JMuHbIM WBetam. IIpeqnomoxKuM, UTO MbI HaOsIOaeM B MpOXOAALIeM JHEBHO 
cBeTe B3aHMOelicTBHe B pacTBOpe HCKOMOrO BelileCcTBa H MpeleJIbHO-4YBCTBE 
TeJIbHOrO Ha HeFO peaKTHBa-OCaUTeIA; IPH STOM B3aHMOJeHCTBHM U3 OecllBel} 
HbIX KOMMOHeEHTOB OOpa3yeTcaA OeclBeTHOe, COBEPIICHHO HepacTBOPpHMOe Bt 
ILeCTBO. 

Ono MoxerT ObITb HAaMH OOHAPy2KeHO BH3YaJIbHO TOJIbKO Tora, Kora, Kal 
yxe TOBOpHsOCcb, ocasqoK Oyler SKpaHHpoBaTb ~0,4% mNpoxofamlero uepé 
pacTBOp cBeTa, T. €. Mlolatb ocayka OyzeT nopsgka 0,4% Bcel paccmaTpii 
BaeMOH MVIOWayM. 

OcaloK, BepOATHO, He MOHOJIMT, a COCTOHT H3 MHOKECTBA OTCJIbHBIX UacTY 
yeK; Pa3MepbI NocseqHHX BO BCeX TPeX H3MePeCHHAX OMKHI ObITb NOPALE 
lp, HHave OHH OYAYT YaCTHYHO OrMOaTbCA CBETOBLIM NOTOKOM. CileqoBaTevIbHt 
KaKYlUlaAcaA TOJIMHHa OCalKa, COCTOAMero Jaxke U3 eCAHHCTBeEHHOTO CJIOA 4% 
CTHIL, He MoxkeT ObiTb MeHee 10-4 cm. Stu paccy2xXJeHHA WaloT BO3MOXKHOC? 
paccuuTaTb OObeM OCaKa; Bec OCaKa, OOpas0BaBlllerocA B HeEKOTOPOM OOBeN 
pacTBopa pearupylOWlMX BeLLeCTB, MOXKeET ObITh pacCCuHTaH HCXOAA U3 TOTO, % 
yA. Bec ero O1M30K K |. IIpeneOperaa npomeccamu cBeTOpacceAHHA, MbI MOE} 
Jlaslee OPHEHTHPOBOYHO PaCCUMTATb MOJIAPHYIO KOHILCHTPallHio HCKOMOFO KO! 
MOHEHTAa IPH MpeeIbHOM pasOaBIeHHH ero B peaKUMH B3avMOJelCTBUA C Mp] 
Jl€JIbHO-4UYBCTBUTeEIbHBIM PpeaKTHBOM-OCaJMTeJIeM. . 

SaBHCHMOCTb UYBCTBUTCIbHOCTH KOJIOPHMeTPHYeCKNX PeaKTHBOB OT TW] 
OWHbI MH MHTCHCHBHOCTH OKpaCKH aHaJsIMTMYeCcKOH SOpMbI B MTepaType HeEOTH 
KpaTHO oOcyxanacb (971%). [IpeqembHad UYBCTBUTebHOCTh UX MOET. Onr! 
paccuuTaHa, HCXOAA M3 U3BeCTHOrTO ypaBHeHua ¢= D/Cl, B koTOpoM Bce cui} 
BOJIbI OOOSHAYAIOT XaPaKTePHCTHKH aHaJINTHUECKOM oOpMbI: & — MOJAPHB| 
KoapuuveHT Moraienua; D —onrnyeckad MoTHOCTh pacTBopa; C — Kod 
WeHTpauua pacTBopa B Mos/n, 1 —ToNMMHa CNOA pacTBOpa B CaHTHMeTpa 

HopMasIbubId Trias BCerfa BNOMHeE yBepeHHO OTMHUaeT ONTHYeCKU NYyCTC 
pacTBOp OT pacTBopa, HMerollero ONTHYeCKYyIO MIOTHOCTb OKOIO 0,02. Cney 
BaTeIbHO, D pactBopa aHaJluTHYecKOH ChopMbI y TpaHUllbl YYBCTBUTEbHOC’ 
pacCMaTpuBaeMOro HaMH THMa PpeaKTHBOB He MOxKeT ObITb MeHee 0,02. | 

EcJiM MpHHATb flanee, YTO € aHaHTHUeCKO cbopMbl paBHo 10° (B npaxT| 
Ke 9Ta Be/IMUMHA Yallle Bcero MopsyKa 10*), TO MbI HMeeM Bce JaHHble AIA opne| 
THPOBOUHOrO pacueTa NpesebHOM YYBCTBUTEbHOCTH KOJIOPHMeTpHYeCKUX ff 
aKTHBOB Np 3aaHHOH TOJMMHeE COA OKpalleHHOrO pacTBopa, Hampume 
mph /=1 co. | 

B ta61. 1 oxapakTepH30BaHa YYBCTBUTEHOCTh OTKPbITHA HCKOMOrO Bel 
cTtpa (M —wou. Bec) C IpHMeHeHWeM peaKTHBOB paccmorpeHHoro Tuna. || 

Undpp sto Ta6iuubl, BO-NepBbIX, JaloT NOrMuecKkoe OGocHOBaHHe TO} 
(bakTy, YTO MPH MpounxX paBHbIX YCNOBMAX PeaKTMBHI-OcasMTeIM, MakoulNe OKP 
IeCHHbIe AHAJINTHYeCKHeE COPMBI, OKa3bIBaIOTCA Goee YYBCTBUTEIbHBIMM, 4 
peaKTHBHI, JatoulMe OeclBeTHble OCaKH. 
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Bo-BTOpbIX, OHH JaioT BO3MOXKHOCTh YTBeEpAAaTb, YTO, HallpHMep, COMHKH- 
elbHa BO3MOXKHOCThb CYLLECTBOBAHHA PeaKTHBa-OCcasUTeIA Ha JIMTHU, KOTOpbIii 
OSBOJIHJI Obl IPAMO OTKPbITb eFO MPH KOHUEHTPallUAX, 3HAYMTEIbHO MeHbIIMX 
05 pr/Mi; yka3aHHbIii OTKPbIBAaeMbIli MHHUMYM, HampuMep, Wa ypanuu- 
HoHa He MoxkKeT ObITh IIPeCB3OHeH HW B Cyuae NPHMeHeHHA KOMOPHMeTpHyeCcKUX 
H+CAKTHBOB. 


Taonawna 4 


PacueTHble JaHHbIe MpeAeMbHOH UyBCTBUTeEbHOCTH KOJOpuMeTpH- 
YeCKHX PeaKTHBOB IPH TOMMIMHE COA, paBHoH 41 cM, u peaKkTH- 
BOB-ocanuTe ren 


2 g PeakTuB 
Aaa OTKPbIBaA€MOrO BellecrBa 
KOJIOPHMeTPHY. ocaguTe sb 
MyHuMaJIbH. KOH. B MOJ/a 10-7 AOS 
Ork pbipaeMBI MHHUMYM Ur /Ma 10-4 M 10-3 M 
IIpeqembHoe pasOaBmenne se OVI Agee O27 


KoHeuHO, IIPpHBeJeHHble pacueTbl BeCbMa MPHO/IM2KeHHbI, B HUX He YUH- 
bIBaIOTCA HEKOTOPbIe BaxKHble (PaKTOPb! (ypaBHeHHe peaKUMH B3aNMoOselicTBUA, 
JaCTBOPHMOCTb OCAKOB H BapbHpoBaHHe pa3MepoB MX UYaCcTH, CBeTOpacces- 
Me, CTOHKOCTb aHaJIMTH¥eCKUX CPOpM HM Ap.); HO OHM JOCTaTOUHO TOUHBI MIA 
DUCHKH B KaxKOM KOHKPeTHOM CJly4ae MepChekKTHB NOWCKa Oosee YYBCTBUTEIIb- 
BIX Pe€AKTHBOB. 

OTH 3JIEMeHTapHble pacueTbl, KPOMe TOTO, CBHJeTEIbCTBYIOT 06 aKTYAaJIbHOCTH 
paspaOoTKH sPekTHBHbIX MPHEMOB MpeoMOJIeHHA HeOcTaTOUHOH WyBCTBUTeIb- 
OCTH IIPpefleJIbHO-YYBCTBHTeCIbHbIX PeaKTHBOB. 


CapaTospckuii rocyapCTBeHHbIH yHUBepCuTeT Tloetynnuio 
um. H. Tl. Uepuprmesckoro 24 Hil 1959 


UWHTHMPOBAHHAA JIMTEPATYPA 


| 1@®@, Mawirab, Kanenbupii ananu3, M., 1987. % F. Weleher, Organic anal. 
reagents, N. Y., 1947—48, 1—4. 3B. Ky3Heuos, Jlowr. gucceprauun, M., 1948, 
weeciG *B. Kysuenos, Yen. xum., 48, 75. (1949). "8 Ky. 6 epar 
Myetadnu, H.. KoweTk'os, jJIAH, .85,.1285 (1952). * Jl. Ky ap Oe pus 
Myctadguu, 3ap. ma6., 19, 1148 (1953). 7H. Myctagun, Hayun. exeroxqynk 
apaTopck. yHuB. 3a 1954 r., cmp. 514. 8H. Myctragpun, JI. Kyapo6Oepr, Yu. 
Pan. Capatosckoro yuus., 43, 101 (1956). ® A. Ba6xKos, Sap. a6., 11, 999 (1945). 
WI. Tunus6ypr, 1. Jlypse, Sas. aa6., 14, 538 (1948). ' JI. Ky avoepr, 
Oprannueckve peakTuBbl 8 anamuT. xumuy, M., 1950, crp. 25." A. Ba6xo, A. Muan- 
euko, Konopumerpuyeckui anamn3, M., 1951, crp. 30. 
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Hoxxagn Akagqemunu nayx CCCP 
1959. Tom 126, Ne 3 


lr. B. PAKOBA, ueH-Koppecnonzent AH CCCP A. A. KOPOTKOB u JIM U3YH-4AH 


MCCJIEMOBAHHE COMOJIMMEPH3SALLMH W3ONPEHA 
C NMHMNEPHJIEHOM HW AMK3SOMPOMEHWJIOM 


B HaCTOALeM COOONICHHH H3araloTCA pe3YJIbTaTbI PaOOTbI, ABAAIOULeHC: 
pasBHTHeM paHee MpoBeseHHOro UcceOBaHHA MO CONOJMMepH3alluu MBM 
Mw u3onpeHa. Kak u B Mpenbiqyulem cayuae, HAMM MPHMeHSWICH MB30TpeH, Co 
Tep2kalluH payuoakTHBHbI uzo0Tom C*. BoubuIMHCTBO OMBbITOB NO pa3jeJb} 
HOH MOJMMepH3aluH UW CONOMMepH3allHH Hs0mpeHa, MMMepHieHa H WHu30 


/popeaeupoba.rg ———» 
Sas 


S 


a a | a a | nn eee 


Puc. 1. Kuneruueckve KpMBble TNoMMepH3alHH mHnepHvena: 

(1—50°, 2—60°, 3—70°) 4 AMM3soNponeHuaa (4 u 5 — 70°, 6—80°), 

Cou = 2 Momb/at, Cxar= 0,01 Momb/a (Bemyuae 5 0,02 monp/n, 
6 — 0,03 Momb/a) 


MmponeHuia B pacTBope rekcaHa OyTHJIJIMTHeM MpoBeyeno mpu 50°, KonWeHTpa 
WMH KatTausatopa 0,01 Movib/a1 H MOHOMepoB 2 Movb/a. Meroquka nomumMepu 
3allMM WM CHHTe38a H30peHa, MeyeHHoro C', onncaHbI pauHee (},”). 

IIpu pasqenbHOK noMMepusalun OyTHIIMTHeM Ooulee AKTHBHbIM MOHOMePON 
ABJIAeTCA H30NpeH (cM. puc. 2). B cral\uoHapHbId NepHok ckopocTb MowHMepH 
3allMM M30MmpeHa MpH KOHIMeHTpaluun OyTuauTuA 0,0035 Monb/n paBHa mpu 
MepHo 0O,1 Momb/-MHH., a TnHiepHiieHa u uM30Nponennia 0,0035— 
0,0040 mMomb/1-mMuH. Mp KOHWeHTpalnu OyrumautTua 0,01 monp/a. 

IIporeKanve peakUHu NMOJMMepH3allMu MuMepuienHa OTIMUaeTCA OT TAKOBOL 
AIA QMM3ONpONeHHla OTCYTCTBHeM 3aMeTHOO HHAYKUMOHHOrO nepvosa. Creqo: 
BaT@IbHO, MPH NOJMMepHsallMH MMMepwieHa KOHCTaHTa cKopocTu peakuny 
3aPOAK CHUA Ilene, T. €. PeaKUMH B3aMMOLeHCTBAA MOHOMepa C MCXOJHBIM Kata’ 
JIM3aTOPOM — OYTHJIINTHeM, OM3Ka K KOHCTAHTe CKOpOcTH peakUMH pocTé 
lene, B TO BpeMA Kak JIA CLYYad AMH3OMpoOMeHusa WepBad KOHCTaHTa 3HaUH: 
T@JIbHO MeHbIUe BTOpOoH. . 

Tloppmuenne KonwenTpalun OyrunmuTun c 0,01 go 0,02 monb/n npuBoam 
K COKpalleHHiO HHAYKUMOHHOPO Nepvosa MpHMepHO B Ba pa3a, HO CKOpOCTE 
peaKUMH TMOJMMepHvsallMK AMM3OMponenusla B CTalMOHApHbIt Nepuox mpaKruye- 
CKH He W3MeHsleTCA. CynleCTBOBaHMe TaKOl 3a4BHCHMOCTH NO3BOUIAeT JONYCTHTE 
HaJIMYHe peakUMU [es3akTMBallMH AKTHBHBIX WeHTPOB MOJMMepHsalluu 3a cuel 
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aTb B pe3yJlbTaTe YyObWI 
IKOHIGHTpalluH = MOHOMepa. 
loka 3TOMY ABJIeHHIO He 
HalieHo OObACHeHHA. 


in 


° 


° 
100 


4 


! 
| 


CkopocTu peakIHH NoH- 80 
Mepv3allun Juu30Mponenuia 
ip nunepHsieHa B cTallMoHap- 
ibaa NepHoy mpuMepno omu- § % 
iHakopbl (CM. KPMBBIE AA 8 
470° Ha puc. 1). = yy 
| IIpu conomumepv3ayun S 
ickopocTb peakiuH M cocTaB & 


S 


COMOJHMePOB OlpeesAIOTCA 
| umeHHO BeIMUH HO! CKOpOocTH 
| MOMMMepu3allMH ~MOHOMepoB 
/B CTalWHOHapHb mnepHoj, 


MOSTOMY He ABJIACTCA HEOMKH- 


0 


] 
1 


iow WM MMMepvieHOM Mpak- 
). Ecau kommuecTBO MOHO- 
iMepoB, MpopearHpoBaBllIHx 


| 
} 


— 
=, 
Sx 


SS 


8 


S 


S 


Jenveb usonpena 6 nonumepe 


Cy rn Gg G00 7s 
Npopeaeupobao monomepoG ——>— ~ 


Puc. 3. PacuerHbie HHTerpaJIbHble KPHBbIe CO- 

CTaBa CONOJIMMepoB CHCTeM M3OlpeH-MHlep Hen 

MW u30npex-uusonponenua mpH 50° (a, O—9Kcn. 
TOUKH); A=17, B=0,06 


ICHM2KEHHA CKOPOCTH peaKIHH NOJMMepH3sallHn NuNepwseHa B OOacTH MpeBpa- 
eHHA Bite 50% B SHAUMTEIbHO OObIUeH CTEMeCHH, YEM MOXKHO OBO ObI O2KH- 


ao 40 60 80 100 120 mun 


Puc. 2. Kuneruueckne kpuBble pasqeibHoli H CoBMecTHOL 
AaHHBIM, UTO KHHETHYCCKHE  ponumepu3ayuu mpu 50°: J — usonpen; JJ — pacueruas 
-KpHBble CONMOJHMepH3allMH KpHBaa (komMYeCTBO MpopearupoBaBliux pu conosmHMe- 
W30IIpeHa C JHM3OMponeHu- PHSalHH MoHOMepoB BbIpaxkeHo OTHOCHTeMbHO HCXOAHOTO 

KOJIMYeCTBAa H30MpeHa: a — u30NpeH-MuNepHseH, 6 — 
u30NpeH-uu30nponenua; J//: @ — u3s0npeH-nunepusen 
‘THYCCKH COBMaaloT (puc. 2, (1:1), 2 — u30mpeH-guusonponenua (1:1), /V — nn- 


nepHseH 


“Tmpu CONOJIMMepH3allHH, BbIPasHTb B MpOWenTax OT B3ATOTO U30NpeHa, TO KHHe- 
\THYeCKad KPHBaA JIOKUTCA OIM3KO K TaKOBOM JIA pasfebHOH NoMMMepHsallHu 
‘ugompena (Kpuppie Ja u / Ha pu. 2). Hekotopoe cmemeHHe KPHBOii CBA3aHO 


C HeCKOJIbKO Ooslee BbICOKOH CKOpo- 
CTbIO peaKUMH H3-3a MOBbIMWeHHOL 
KOHIeHTpalluu Katamusatopa (0,01 
BMecTo 0,0035 momb/1) B onbITax 10 
CONOJIMMepH3aluu HU HeOOJbUIMM NC- 
KaXKeHHeEM Pe3YJIbTaTOB 3a CueT yua- 
CTHA B peakIMM pocta Wenn mune- 
puuieHa uM [MM30Nponenna, oco- 
OeHHO B TepHow ucyepnaHHA wu30- 
mpeHa. Mtak, B HavabHbIi nepuoy 
CKOPOCTb peakIHH CONOUMepH3allan 
COOTBeETCTBYe€T CKOPOCTH peakiuu 
pa3qeIbHO MoMMepH3alun 30- 
lipeHa, a mocwe HcuepnaHHA u30mpe- 
Ha —CKOPOCTH pa3JeJIbHOH NouMe- 
pu3alluH BTOporo MOHOMepa. 

Kak yxKe yKa3bIBaJlocb, J(MM30- 
NpoOneHud HU WuNepweH pa3siM4aloTca 
MexLy co6oH No CkKopocTH peakiluv 
3apomxmenua were. Ilpu conomume- 
pu3alluu UX C H3O0INPeHOM 3TO pas3- 
JIMuve OTCYTCTBYeT H KHHeETHYeCKHe 


KPHBble COBMaaioT; CJIeAOBATeJIbHO, OTBETCTBEHHbIM 3a CKOPOCTb peaKIMH 3a- 
POXKeHUA Were ABISeTCH Coulee AKTHBHbIM MOHOMep — HSOIIpeH. 

O6pmHo B Mpolecce pocta COMOJMMepHbIX WeneH yaacTHe Kaxk Oro MOHOMepa 
MpONOpUMOHaIbHO erO KOHIeHTPalWH HW OTHOCHTeIbHOM AKTHBHOCTH HM CHJIbHO 
8aBHCHT OT AKTHBHOCTH WeHTPOB MOJIMMepH3alluv Ha KOHWaX MOJMMePHbIX le- 


583 


KMHETHKe peaKIMH COMOMMMepH3allWA, CKOPOCTb POCTa CONOJMMEPHEIX Lele 
He 3aBHCUT OT BUja MOHOMepHOroO 3BeHa, OOpasylollero WeHTp MOMMMepH3allUH - 
Vnbimu CioBaMu, Ha AKTHBHOCTb WeHTpa NOJMMepvsallHH He BM AeT OOPasyIOuINk 
ero MoHomep, T. e. Kyy = Key 4 Koz = Kya. [lostomy aa cnyyaad ConouIMMepH- 
3allMH M30NpeHa C MMMepHJIeHOM JIM LHHSOMPOMeHHJIOM MOXKHO BOCMOJIb3OBaTb: 
CA ypaBHeHHeM, mpesioweHHbIM Youwiom (*): 


es be Ebiki 


Jat Tpex COoTHOIWeHH us0MpeHa co BTOpbIM MoHoMepoM (1:1, 1:3 m 
1 : 6,4) skcnepHMeHTasbHble TOUKH JexKAT BOKPyr KPMBbIX COMOJMMepHsallMny 
MOCTPOeHHEIX Id 4=17-L5 u, coorsercTBeHHo, 8 = 0,06--0,02 (cm. puc. 3): 
IIpu conouuMepusallun MunepisieHa MpakTHYecKH BCe TOUKH JlexKaT B Npesetax| 
MOPpelHOCTH OMbITa, B Cly4¥ae %Ke WHM30Mponenusia pasOpoc UX OKasaJICA 3Ha- 
YATeEIbHO OOVJIbIUMM. 


Tao nna sd 


PesybTaTbI ONLITOB MO CONOMMMepH3allMM MSONpeHa M MMMepHNeHa B TeKCaHe Mp PasHbIx| 
Temllepatypax HM Cc foOaBKoH AHaTHAOBOrO adupa npu 60 


CopepmaHue u30mpeHa,MOI.% 
Bae ory Oat aE an (CNLAKCHIM a CKOe 
Pam one fe TPS AG Yn pacmno~ | MPa | mw nekeRTON |p romsinepe ‘|PSwonwja-umn. | > 
a] 
24 50 0 19,4 19,8 67,7 0,026 43,6 
21 60 0 20,6 20,2 65,7 0,066 12,0 
22 70 0 24,2 20,0 62,8 \ 0 158 40,5 
25 70 0 24,2 20,0 64,4 pe: 13,3 
23 80 0 28,0 20,0 62,8 \ 0.182 15,0 
26 80 0 28,6 20,6 56,6 , 9,4 
28 60 5 26,4 20,0 54,9 0,116 7,8 
27 60 410 27,9 20,0 44,7 0,172 50 
29 60 20 34,9 20,0 43,4 0,170 4,9 


BejuunHa KOHCTaHT CONOAMMepH3alUN MpakTMyecKH He 3aBHCUT OT TeMIe-| 
paTypbi (cM. Ta6. 1, onpirpr NeNe 21—26). Caeqopatenbuo, 9Heprua aKTHBa-| 
HHH peaKI{MM pocTa WeneH 3a CueT M3OMpeHa CyeCcTBeHHO He OTNHYAeTCA OT| 
TaKOBOM 3a C¥eT NMMepHeHa. Mexyy TeM, KOHCTaHTHI CKOPOCTH 3TUX peakIuh| 
pa3uMualoTCA IpuMepHo B 20 pas. Tem CaMbIM MeHbUUIaa! AKTHBHOCTH} NM MepHsienal 
CBA3AHA MCKJIOYHTebHO C MpOCTPaHCTBeHHbIM (paKTOpOM, HaslMuHeM MO cpaB- 
HEHHIO C HS30IIPeHOM cTepHuecKHX MpenATcTBHit. Lu | 

CkopocTb NOJMMepH3aluu H CONOMMMepHsalluH JBYSTHJICHOBLIX yryeBoLO-| 
POX0OB OYTHJWIMTHEM 3HaYHTeIbHO YBeIMYMBAeTCA MPH HaIMYHM B peaKIWHOHHOH| 
cpefe [axe HeOOJbIIMX KONMYeCTB MpOCcTEIX SPupoB HM Apyrux KOMMIeKCOO6-} 
PasyroulHx coelMHeHuH. Takoe xe ABJeHHe HaOmOqaeTcA MpH conowuMepHsa-} 
IMM M30lpeHa H MMnepHiena (Ta6u. 1, onbiter NeNe 21 1 27—29). C nospmuexnem| 
KOHIeCHTpallMH MSTHIOBOTO Supa CKOPOCTh peak conouMMepvsalluu BI 
HauvaJIbHOM TMepwose Bo3pacTaeT HM CTPeMUTCH K Mpesey B OOMACTH KOHIeH-) 
TpallwH, paBHoH mpumepHo 10% supa B pacrBoputene. MakcumasbHas cKo-} 
pocTb peaKI{MH I[peBblillaeT TaKOBy!IO B YHCTOM pacTBOpHTeme MpHMepHO Bi 
3 pasa. C nosblllleHHeM KOHUeHTpaluu acpupa U3SMeHsAeTCA TakxKe M CocTaB Ccomo-| 
JiMMepa. CojlepokaHve 3BeHbeB U3OMpeHa CHM XKaeTCA c 63—68% B conomuMepe,| 
MOJY4CHHOM B YHCTOM pacTBopuTede, Mo 43—45% uM COOTBETCTBEHHO KOHCTAH-| 
Ta COMOJIMMepH3aluu &% CHMKaercA NO 5. OPup TOKO Mp OTHOCHTENbHO Oosb-| 
WMX KOHUeHTpalluax, Oomee uem B 100 pas npeBpiaioulmx KOHWeHTpartno 6y-| 
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WITHA, OKa3bIBaeT CYIeCTBEHHOe BAIMAHMe Ha CKOPOCTb M Ha HallpaBseHue 
Heakuun conowMMepusanun. IlonyseHHble pesybTaTbl JaioT OCHOBaHHe mpel- 
(ONOXKUTb, YTO AKTHBHbIi WeHTP MOJIMMepu3allMu B Cpese acupa upescraBsAeT 
oOo HeyCTOM4YHBOe KOMIWIeKCHOe COeAMHeHHe, Colepxallee WBe uM Gowee 


MouleKY MMSTHOBOrO stpupa: 


R-Li[O(C2Hs)e]lg uu R-Li [O (C2H;5)2]¢- 


[Tako KOMIVICKCHbIM AKTHBHbIM WeHTp NOJMMepH3alluu MPHBOAMT K OTHOCHTeb- 
HO OOJIbLIeMy YCKOPeHMIO peaKIMN pocTa ene 3a cueT MHMepuseHa (MpHMepHO 
3 2,0 pa3a OoJIblle, YeM 3a CUeT M30TpeHa). 

Mrak, ec pH CONOJIMMepHsallMH H30NpeHa C JMBHHHJIOM Mpoucxo_UT 
KOOpalleHHe» aKTHBHOCTH-H Ha OCHOBaHHM JaHHbIX O paslebHOH mMomwuMepu- 
BallHH HeIb3A TpecCKasaTb cocTaB OOpasyrollerocaA coMmouMMepa, TO B paccMoT- 
PeHHBIX 3fleCb CJyYadX OTHOCHTeCJIbHaA AKTHBHOCTb MOHOMepoOB Mp pa3jlelib- 
HOH HM COBMeCTHOM MOJMMepHsallMH COXpaHAeTCA HM MOxeT OBIT BbIParKeHa psA- 
HoM: U30NpeH)»S>nnNepusieH) >Mu30NponeHus. OTO pasziMuHe B aKTMBHOCTH 
DOYCJIOBJICHO TOJIbKO CTepH¥eCKHMH MPpHYHHAMH; OHO He H3MeHAeTCA C MOBBIILIe- 
MiueM TeMMepaTyPbl M CyllecTBeHHO yMeHbIlaeTCA, eC peakilMlo MOMMepHsa- 
MIM OCYULECTBIATb B CMeLIaHHOM pacTBOpHTevde: reKcaH ++ JH9THJIOBbIM acup. 


VucTuTyT BBICOKOMOeKYIAPHEIX CcoeqHHeHUE Tocrynuao 
Axkajlemun HayxK CCCP onl Ii959 


HWHMTUPOBAHHAA JIATEPATYPA 


tT. B. Paxopza, A. A..Kopotkos, JAH, 119, 982(1958). 72 A. A, Ko- 
potkos, Tr. B. Paxosa, Msoronp u u3nyseHua B xumuu, H3y. AH CCCP, 1958, 
moos. * A: A. Kopo?Kosn, H: H. YecuoxKosa, J.:B. Tpyxmanoea, 
Te3. moka. IX Koncep. mo o6tuM BoNpocaM XHMHH HW *u3NKH BEICOKOMOJIeKYJAPHbIX COeAHHa- 
Hua, M3y. AH CCCP, 1956. 4 F. T. Wall, J. Am. Chem. Soc., 63, 1862 (1941). 


9 JAH, vr. 126, M 3 


Jloxxagm AKkagjemau wajy[k CIC,C P 
1959.2Tom 126, Ne 3 


10. A. THTOB u A. HW. KY3HELLOBA;’ 


QJIEKTPOHHAS MPHPOWA 3AMECTHTEJIEM B MEHE W AMEHO® WJIE| 
W CIPYKTYPHAA HAMPABJIEHHOCTb AMEHOBOFO CHHTE3A | 


) 


(ITpedemaeaeno axademuxom B. As Kasancxum 3 III 1959) 


Ilpu QueHoBbIxX KOHJeHCalMAX HECHMMeTPHYHO 3aMELLeHHbIX JMeHOB C He-| 
CHMMeTPHUHbIMH JMeHO@HIaMH W3 JBYX BO3MO2XKHbIX CTPYKTYPHbIX H3O0MePOB 
IIPCEMMYLLECTBEHHO OOpa3yeTcaA KaKOH-MO0 OfMH. TaKkad cTpyKTypHaa M3Oupa-| 
TEJIbHOCTb Oe3YCJIOBHO CBA3AHAa C MEXAHH3MOM JIMeHOBOrO CHHTe3a, H MOSTOMY ee) 
W3y4eHHe MOKET ABJATbCA OMHHM M3 NyTeH ycTaHOBJIeHHA MeXaHH3ma 9TOMY 
BaXKHOH peakIMH. baa 

Jina W3y4YeHuA CTPYKTYPHOM HanpaBJIeHHOCTH MbI H380pasM B KauecTBe JHe-| 
HOPUJIOB AKPHJIOByIO KHCJOTY, COfepKalllylo WIEKTPOHOaKWeENTOpHy10 Kap- 
OoKCHJIbHyIO rpynny, HW CTHPOJ, MMeIOWIHH DIEKTPOHOJOHOPHY!O (eHHJIbHYIO} 
rpynny; 9TH WHeHOHIbI BBOLWINCb B JMeHOBbIe KOHJeHCallMM Kak C 1-3aMme-| 
ULCHHbIMH, Tak’ H C 2-3aMeLeHHbIMH, JHeHaMH. . 

B culyyae 2-3aMeleHHbIX OyTaHeHOB COCTaB CMeCH alyKTOB yCTaHaBJIH-| 
BaJICAH Pa3JIMYHbIMA MeTOJaMH B 3aBHCHMOCTH OT THMa 3aMeCTHTeIA B HeHe.| 


x | Se x 
Yer Alea i)" 
pe ee ae 
7. NN 


Rp’ Ys 


'R 


eN 
R wal iR 


R = CHs3; CgH5;7OCHs3;§C1.8X =COOH: C.gHs. 


AJyKTbI C H30MpeHOM NyTeM JlerHPpHpoBaHHA HW OKUCeHUA NepeBoduHcD 
B COOTBETCTBYIOUH€ APOMATHYCCKHE KUCIOTHI, MO COOTHOWEHHIO KOTOPBIX je- 
JlaiHCb BbIBOAbI O COCTaBe HCXOHOH cMmecH. B ciyuae 2-penni6yTaqvena u30- 
MepHble aMyKTbl yalOcb pasfeWTb ApoOHoH KpucTasnusatvel. Haxkoueu,. 
aWlykTbl 2-MeroKcHOyTafveHa HM XJOpoMpeHa KHCOTHBIM TH¥{posM30M nepe- 
BOAWJIHCb B COOTBETCTBYIOUMe KETOCOCMHHEHHA, KOTOPbIe pa3feaucb KpucTas- 
JM3alMei M XpoMaTorpadupoBaHveM Ha OKHCH asiomuHHA. Tlomyuennpie pe 
3YbTaTbI CBeeHbI B Tad. 1. 

M3 januprx tao. | clleqyer, YTO H3YYeHHbIe 3aMecTHTeMM, HECMOTpaA Ha 
pa3M4He UX SJIeEKTPOHHBIX CBOMCTB, He HMeIOT pe3KO BbIPaxKeHHBIX pa3sMUNit 
MO HallpaBJIAIOMeMy BJIMAHHIO B JMeCHOBbIX KOHJeHCallMax. Tem He MeHee cooT- 
HOWEHNE NOJYYarOULMXCA H3OMEPOB B OMpeleeHHOM CTeneHU 3aBMCHT OT pW pospr 
3aMecTuTeleH, H m0 OPHEHTHPYIOUeMY BMAHHIO 3aMeCTHTeIM B [MeHe {MO2KHO 
PacNOJIOKUTb B CHeLyOUWMH pA: 


Cl}>JCHsO> CoH; > CHs 


* Tannaa pa6ota aBnaetca npojomKenMem_HccreqoBaHuia, NpoBo_uBLIAXxcA Mod pyKoBox- 
CTBOM akafemuka V1. H. Hasapora. 
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Ta6auna t 


- Konzencaunn 2-3amemenupx OyTaqHeHOB C HECHMMeTPHUHBIMH JMeHOUNaMU 


KoncraHTbl at AyKTOB 


x es YcnoBua Bpixog ag- |——_, | Cootnomenne 

apa- . 

peakwuH = [AYKTOB, % | 7, xum.(°C/mM) rd - wsoMepor 
CHs COOH 200 cee2eae 80 440—145/15 = 1,9:4 
CeHs COOCHs AS OMOM a 73 165—166 /6 e 4,5:4 
CH30: | COOH 150° 40 4. 72 454—155/12 4, 4722 8:1 
Cl COOH Oe" Gira 83 462—165/17 Me 9,3:4 
| CHs CeHs 20028 10nge 34 420—122/20 4 ,5356 oi pl 

| CeHs C.gHs gjedoOr OO re D4 240—215/10 bg TOJbKO Mapa 
| CH;0 CeHs {Oe s1OF at 59 440—145 /12 4,5170 42:4 
} Cl CeHs 450° 42 q. | 20 } 440—114/8 41,5546 14,3:1 


* AjnykT uacTHuHO KpucTadMueckHit. 


@MeHHIbHBIN 3aMecTHTeb B AMeHOduse, NO HalUMM JaHHbIM, ABIAeTCA 6o- 
mee CHJIbHbIM Napa-OpHeHTaHTOM, Heke KapOOKCHJIbHbIM. 

CrpyKTyphHasA HanpaBseHHOCTh JMe€HOBOTO CHHTe3sa DA 1-3aMelleHHbIXx 
((M€HOB Obila U3y4eHa Take NPH BCeX BO3MOXKHbIX KOMOVHALHAX CeHHbHOTO 

KapOoKCHJIbHOrO 3amecTHTesieH B OOOMX KOMMOHeHTaX. KonencalHu mpoBo- 
WIMCb HarpeBaHweM cMecHK fHeHa MH HeHOdusa npn 150° B TeveHne 3— 
bO uacos. 


x Y 
ie 2s es 
AN NV 
z he} ore 
Cie 
NN Y Y 
us A 
: Ging 9s 
xX xi 


X = COOH; C,Hs. Y = COOH; C.Hs. 


| Jina foka3aTenbcTBa CTpOeHHA NoMyyeHHble aAyKT! MerHApupoBauch B 
KOOTBETCTBYICILMe APOMATHYECKHe COeAHHCHHA, PasleABWHeECA KPHCTaNNIu3a- 
ainei H XpomMaTorpadHpoBanHeM Ha OKHCH aliomunHA. IlonyyeHnHble pesybTaTbI 
rBeyeHbI B TaGl. 2. 
i 


Ta6nuna 2 


Konjencaunu 1-3amemeHHExX OyTalveHOB C He€CHMMeTPHUBBIMH JMeHOdMIaMA 


KouctaHTbl aqyyKTOB CootHoweHHe H30MepoB 
| NNe * - Bpixog 
no nop. aid T. Kum. (®C/mMm) ae OpTo ; MeTa Sie 
i! CeHs COOCHs 61 444149 /5 | 41,5372 39:4 8:4 
Za CeHs CeHs 33 490—198/40} 41,5942 8,4:4 — 
3 COOH COOH 86 470—175/35 = 8,8:4 8,6:4 
4 COOH C.Hs5 08 220—225/25 . 9, (4 47:4 


* AppykKT sacTHUHO KpucTamMueckHh, 


C TOUKH 3peHHA HOHHOTO MexaHH3Ma JMeHOBOTO cuHTesa (',”), B cryyae 
HECOBNAaLaoulell NOJAPHOCTH KOHUOB MOseKy JueHa Hu neHoduna (NeNe | 
Mm 4B Ta6n. 2) RomxKeH Obi Obl NOMyyaTbcA NMpeHMyMlecTBeHHO OPTO-H30Mep, 
la B cuyyae copnagatomei nonapxoctu (NeNe 2 u 3 B Ta6. 2) — npeumyule- 
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CTBEHHO MeTa-H30Mep. OfHaKO HaMH ObIWIO MOKa3aHO, ITO BO BCeX ClyY¥aAX B NO- 
ayyaemolH cMecH ayKTOB MpeoOsalaeT OpTO-H30Mep, H 9TO, NO-BAHMOMY, 
UCKJIOUAeT OMPeMEMAIOULYIO POJIb MOMAPHOCTH MOJIeKyJl B CTPYKTYPHOH Ha- 
TipaBJICHHOCTH JHeHOBOTO CHHTe3Aa. 

Bmecte ¢ TeM WH B calydae 1-3aMeleHHbIX JMeHOB Mpuposa saMecTuTeeH 
OnpeeeHHbIM O6pa3oM BAMAeT Ha COOTHOIMeHHe CTPYKTYPHbIX H30MepoB. Tak, 
IIpH HaIM4HH SIeKTPOHOJOHOPHOTO 3aMeCTHTeIA B AMeHe MU d/eKTPOHOAaKIel- 
TOPHOrO 3aMecTUTeIA B ueHoduse (Ne | B TaOm. 2) MoMA MeTa-M30Mepa B CMeCH 
cocTaBiser Bcero 2—3%. B cayyae coBMafatolleli MOMAPHOCTH 3aMecTUTeNeh 
(NoNe 2 u 3 B TaOn. 2) KomMuecTBO MeTa-H30Mepa yBemuuMBaetca Jo 10O—I11%, 
Hakouell Mp 2eKTpOHOAKIeNTOPHOM 3aMecTUTele B THeHe MU 93IeEKTPOHOJO- 
HOPHOM 3aMecTuTee B jueHotpuse (Ne 4 B TaO1. 2) cTpykKTypHad usOupaTesb-) 
HOCTb elle Ooslee ocma6eBaeT HM KOJIMYCCTBO MeTa-H30Mepa COCTABJIHeT y2KE| 
ooo 15%. | 

TakuM o6pa30M, Ha OCHOBaHHM MOJIYYeHHbIX. HAMH Pe3YyJIbTAaTOB cJlelyel| 
ClellaTb BbIBO], ITO Mepexof OT 3eKTPOHOZOHOPHOrO K 9SJIEKTPOHOAaKLenTop,, 
HOMY 3aMECTHTEJIO B HeHe WIM WMeHOdHe He BHISbIBAeT OOPallleHHA CTPyKTyP} 
HOW HalpaBJIeHHOCTH, KaK 3TO JOJIXKHO ObITb IPH HOHHOM MeXaHH3Me JHeHOBOTG 
cuutesa (1, 2). Tlostomy HOHHbI MexaHu3M CJleyeT OTBeprHyTb, Kak He OOB; 
ACHAIOMLMH OHOM M3 OCHOBHBIX 3aKOHOMepHocTeH peakuMH. MexaHu3M JMeHO} 
BOrO CHHTe3a Yepe3 KHHETHYECKH He3aBHCHMbIe CBOOOAHbIC pakKaJIbl C OTKPBIt 
TOH wWembio (3,4), m0-BUAHMOMy, TaK>Ke HelpweMsIeM, MOCKOJIbKY OH HeECOBMe 
CTHM C HaM4MeM MpocTpaHcTBeHHOM us6upaTebHOCTH peakunu (°) u Tem cbaK 
ToM (°,’), 4TO MpH peTrpodMeHOBoM pactafe cBOGOAHbIe pawuKasbl He OOpasyror} 
ca. Ilo-BuyqumMomy, 2a JMeHOBOrTO CHHTe3a HavGoulee BePpOATHBIM ABIAeTCS| 
MeXaHH3M C TOMOJHTHUeCKOH MeperpynMupoBKOl 3JIEKTPOHOB B Mpesemtax WHK} 
JIMYeCKOTO NepexoAHOoro KOMIMIeKCa, CTepeOXHMHYeCKH MOMOOHOTO ayKTy. 


VMucratyT opranmuecko xHMMu Tloctynuso 
AkajlemuH HayK CCCP 27 II 1959 


UHMTMPOBAHHAS JIMTEPATYPA | 
| 


1B. J. F. Hudson, R. Robinson, J. Chem. Soc., Na 8, 715 (19am 
* R. B. Woodward, J. Am. Chem. Soc., 64, 3059 (1942). ®J. B. Harkness 
G. B. Kistiakowsky, W. H. Mears, J. Chem. Phys., 5, 682 sa 
‘Gc. Walling, J. Peisach, J. Am. Chem. Soc., 80, 5819 (1958). ®K. Alder 
W. Stein, Angew. Chem., 50, 510(1937). ®F.O. Rice, M.Ruoff, J. Am. Chem| 


Soc., 60, 955 (1938). 7 L. Kiichler, Chem. Zbl., 1, 2386 (1939). 
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Joxnayn Akagemuu nayr CCCP 
1959. Tom 126, Ne 3 


XHMHA 


H. I. WIYUWIEPHHA, P. A. JIEBHHA u H. i. AMUTPHEBA 


6-JIAK TOHbI 
3-BPOMIMPOH bl-2 
(I1pedcmaeneno akademuxom A. H. Hecmeanoseim 18 II 1959) 


Kak M3BeCTHO H3 JINTepaTyPHbIX JaHHbIX, OpoMMpoBaHHe NMpoOHOB-2 mpu- 
HBOJMT K MOJyYeHHIO 3-OpOM3aMeLIeHHbIX MMpoHoB (*~‘), 

| B uacrosmel pa6ore Obwi nowyyen px 3-Opomnuponos-2 (B auTepatype 
jHe ONMCaHHbIX) 43 5,6-AMaIKHJIMMpOHOB-2 uM 5,6-WWMKOaIKaHOMMpOHOB-2, CHH- 
ITeSHPOBaHHBIX C NOMOUbIO paspaOoTaHHOrO HaMM paHee MeTOJa U3 COOTBeET- 


| ee jMOpomMvfoB 6-9HONaKTOHOB (°,°): 


R Bro R ( 


CH | xo CH 
O 


(1) R=CH3; (Il) R=C,Hs 


\ Br 
(CH), Pa Ct) | » 
40 fo 
OF fe) 


(M) n=1; (Iv) n=2 


Bpixo. 3-Opomnupouos-2 coctapian 28—56%. Bbw CHHTe3HpoBaHbl 
3-6poM-5,6-uMetunupon-2 (I), 3-6pom-5-sTun-6-metumupou-2 (II), 3-6pom- 
5,6-uHKsloneHTaHonupon-2 (III) u 3-6pom-5,6-muKnorekcanonupou-2 (IV). 

Jlanee Oblio BHepBble H3y4YeHO MOBeseHHe 3-6pomMupoHoB-2 B JHeEHOBOM 

CHHTese (B peaKIIHH C MaJIEHHOBbIM aHrMApHuom). 
Oxa3alocb, 4TO 3-6pommupoHbi-2, NoMOOHO CaMHM MIMpOHaM-2, JlerKO BCTYy- 
| Na1oT B peaKI[M10 JMeHOBOrO CHHTE3A C MaJICHHOBLIM aHTUAPHAOM, BbIAeIAA yruie- 
| KucnoTy H OOpa3ya KpucTamuueckue pBolHbIe almyKTH (V — VIII; Bprxon 
50—80%), oTBeYatloliMe MpHcoequHeHHIO AByX MOJIeKYJI MaJIeHHOBOTO aHrH- 
puja B MOseKyJIe Opommupouna: 


| 


nae Br eS 
| CHOO”% 
—_—_— 
CO 
Ci 
a O 
G-Iv) (V-vinl) 


IKCNePUMECHTAAbHAA MWacCTh 


| Bpomupospanuve nupoxuos-z2. K pactBopy0,05 Mona nupona-2, 
B 30 mi aOcomorHoro adupa mpu6apnanu 0,06 Moma OpoMa NpH oxMaxKTeHHH 
BOOM U OCTAB/IAIM PeakIMOHHYy10 CMecb Ha HoUb. Iloce ucnapenua pacTBOpH- 
Ted WH U3ObITKa OpOMa OCTATOK 3aKPUCTaIM3OBbIBaICA. KoHCTaHTbI, BbIXOb! 
WM JaHHble aHasiv3a MOJyueHHbIX 3-OpomMupoHoB-2, Mocse MepekpucTalIH3alnu 
MX HW3 CNMpTa, NpHBefeHbI B Tad. |. 

Ilonyyueuuve axAyKToB 36pOMNUPOHOB-2 c Masnen- 
HOBDbIM aHrugpugom. Pacrsop 0,004 mona 3-Opommupona-2 
u 0,008 moms MameHHOBOrO aHTMypuya B 4 MI KCHJIOIa KMNATHIM B TedVeHHe 
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Ta6auuna 1 
3-Bpomnupoun-2 


Hatigeno, % BoraucaeHo, % 
NoNe HaspaHue T-pa ma., °C | Boixoa, ———_——— } 
dopmya ‘ 9% C | H dopmyaa Cc | 
] 
I 3-Bpom-o,6-quMe- 97—98 53 | 41,84] 3,84] C,H,OsBr | 41,42} 3,48 
TH JINHPOH-2 41,68] 3,70 
II 3-Bpom-o-aTH1-6- 66—67 36 | 44,63] 4,25 | CgHO2Br | 44,26] 4,18 
MeTHJINMpoH-2 (43 BOdHOrO 44,67| 4,40 
cnupta) 
Ill 3-Bpom-5,6-uuKso- | 4140—141 28 | 44,99) 3,38 | CsH,O2Br | 44,70] 3,28 
meHTavonupou-2 3 45,08] 3,47 
IV 3-Bpom-5,6-uuks0- 131—132 |] 56 | 47,12] 3,93] Cy)H,O2Br’ | 47,19] 3,96 
rexcaHonupou- -2 47 ,32, 4,20 


JIBYX 4aCOB; MpH 3sTOM HaOIOJamocb BbIeleHHe yruekucnoro ra3a. BopinaB- 
wie KPHCTaJWIbI aNyKTa OUMUaIM pacTBOpeHHeM B ITHValleTaTe C nocieny dg 
WIMM OCaxKeHHeM MeTpomeHHbIM 3cbupom. 

Temmepatypbl MaBsIeHHA, BHIXOIbI H aHaM3bl MOMY4eHHbIX ally kTOB 
V — VIII mpusenenpr B Ta6n. 2. 


) 


Ta6Oauna 2 
[potiupie agzyKTe! 3-6pomnupouos-2 c MajleHHOBBIM aHruApHyom 


Hafizeno, % BpraucmteHo, % i 
Node A T-pa snsic-) | BEX OX | aan a | 
° 
dopmyn re °C % C H a Cc H 
CH Br 
CH; rab 
Vi O |289—290 | 74 | 47,68) 3,22| CygHisOeBr | 47,35] 3,42 
47,72) 3,36 
O 
CoH; Br 
CH 5 us 
vi | co | 305—306] 82 | 48,68) 3,67| CisHy30,Br | 48,78| 3,56 
es 48,80] 3,69 
O 


VII 318—319} 60 | 48,85) 3,03] CisH;,O.Br | 49,06| 3,00 
49,01) 3,02 
h 
VIII 282—283} 54 | 50,26) 3,55| CysHisO6Br | 50,40 3,44 
“3 (43 alle- 50,37] 3,62 
O TOHHTpH- 
wa) 
Mockoscku rocyapcTBeHHbl yHuBepcuTer Tloctynuso 
um. M. B. Jlomonocopa 14 TT 1959 


UHMTHPOBAHHAA JIMTEPATYPA 
H. Rane Ber., 17, 2396 (1884). ? F. Feist, Ber., 26, 757 (1893 
eRe Wal eye Ge Od 1 Vea, ae Org. Chem., 21, 841 (1956). cae Wiley, J. bereie 
J. Org. Chetit.. 22. 1257 (1957). oH Int ly mepana, . 10. Iypbe, P. §F. IIe. 
BuuHa, JAH, 109, 117(1956). ¢H. Il. Ulymepuna, P. A. Jeanna, 3. C.C w- 
neuko, M. 10. Jly pe, )KOX, 29, 403 (1959). 
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Aoknagqsr Akawemuu nayK CCCP 
1959. Tom 126, Ni 3 


PH3HYECKAA XHMHA 


A. C. BABEPKHH 


JIEMCTBUE -M3J1Y YEHWA co” HA KPHCTAJIJIOPUAPATbI 
A30THOKMCJIBIX COJIEM 


(ITpedcmaenexo axademuxom C. C. Medeedesuim 4 II 1959) 


TBepyble HATPaTbI NO JeicTBueM H3/IyYeHUA paspylWlaloTca C OOpas0BaHHeM 
SMTPHTa HM ras00Opa3sHoro KuCHOpofa. CKopocTb pa3sOKeHuA, ONpefesarowlar 
| BeIMYHHY BbIXOJa HUTPUTa M_KUCIOpOa, ABIAeTCA XaPaKTePHOM Jia KaxKJoro 
Bula COMM M 3aBHCHT OT ee (u3HKO-XHMHUeCKHX cCBOlicTB. Cpequ Ooubiloro 
yucila paOoT mo elicTBuIO palHallMH Ha TBepfble HHTPaTbl NOYTH COBCeEM HeT 
paOoT O payMallMOHHO-XMMM4eCKOH yCTOMYMBOCTH KPHCTaJIJIOPHApaTOB a30oT- 
HOKHCJIBIX cojleH. B paOotax (1,”) mHllb oTMeyaeTCA, YTO KPHCTamNoruypat 
JlaHTaHa pa3JiaraeTca C OOJIbIUeH CKO- 
 pocTb1o, 4em Oe3BoHaA cob. B mpe- 
AbilyuleH padote (*) Hamu Oblo no- 
| Ka3aHO BUIMAHHe arperaTHOro COcTOS - 
HMA OOy4aemMoro OObeKTA Ha BeJU- 
YMHY BbIXOJa HUTPHTa Mpu y-oOy- 


YeHHM HUTpaTa KaJblus. eS 
B HacToaule paOore usyyaoch = 
_ BIIMAHME MOULHOCTH JO3bl Ha pafHa- “R 100 
_ UHOHHO-XUMMYECKHE BHIXONbIMPOyK- . 
'-TOB lWpeBppalleHuaA KpucTasorugpa- 3S 
|. TOB a30THOKHCAbIX couleH Cc JByX- S$ 


| BaJIeHTHbIMH KaTHOHaMH. B KauecTBe 
OObeKTOB HCCJIeOBaHHA OBI BbIOpa- 


Hbl HHUTPaTbl KaJIbIMA, KaMUA, WHH- 0 
Ka H MarHua. OO yueHuio no_Bepra- 70 nL 
|. JMCb COJIM MapKW X. 4. HU. J. a. B Aoxa obnyyeHuA ——»- 


| CTCKJIAHHBIX aMIMyJlaX, 3aMaAHHbIx 
Ha BOo3fyxe. Temnepatypa o6yue- Puc. 1. Mg(NOs)2-6H2O. 3apucumoctTb KomHuecT- 
HHA BO BCeXx cydaax 6plvia nopxAqKa me HHTpaTa, IpeBpalleHHOrO B HHTPHT, OT JO3bl 
22° 3a ucKo“eHHeM OOMy4eHHA B ph 10" gaia <cex! 76 2-0°8. LONG en eee 
? ’ ? , 
| WeuTpe ucrounuKka K-18000, rye ona 6 —1,24-10'85B/ma-cex. e—I1,7-1016 53/ma-cex, 
CHuxKasacb Jo 810°. B KauectBe 0 — 4,1-10"6 op/mat-cek. 
HCTOUHUKA Y U3JIYYeHHA MpMMeHAICA 
Co® c¢ moujuocramu jo3spn oT 0,2-101® »>p/ma-cex yo 4,1-101® 9B/ma-cex. 
Hutput onpefenssca KonopumMerpuuecku (*).¢ Ha pucyHKax | u 2 mpuBezenbi 
3aBMCHMOCTH KOJIMYeCTBa OOpas0BaBllerocd HUTPHTa OT O3bI oOOsyyeHUA, 
NOJYYeHHbIe Mp pa3IMUHbIX MOM[HOCTAX JO3bI WIA KPUCTANOPMApaTOB Kalib- 
UMA WM MarHHia. 

U3 pucyHKOB ACHO, 4TO HavaJIbHbIM BbIXOL HUTPUTa He 3ABMCHT OT MOLIHOCTH 
Jlo3bl. C yBelw4ueHHeM MHTerpasbHOH o3bl OOMyYeHHA HaOJOMaeTCA XOpoOLlo 
BbIpaxKeHHaA 3AaBHCHMOCTb BbIXOJa HUTPaTa OT MOUIHOCTH flO3bI, XapakTepHaA 
QA Kaxkon couH. 

KommuecTBeHHble 3HaYeHHA HauaJIbHbIX BbIXOJOB HATPHTa pH ose 
7-1019 9B/r Qua pasM4HbIX MOUHOCTel JO3bI MpuBeseHbl B Tab. 1. Bce paccmat- 
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Ta6Oauna 1 


BrIxoy, HUTPHTa B MomeKynax Ha 100 0B mpu jose 7-10 9B/r 


MOoULHOCTb JO3bI B 9B/MJI-CceK 
i 


Comb 


0,2-40%° 0,48- 10° 0, 8-40*° Loss | 4,7-1048 41-10% 
re eee beeen ee i 
Ca (NOa.: AHO} Ato" | 0,90. | 0,54 | 0,60. | “1 0™ yeraeie 
Selo 4H,0| 0,93 es 067 | 0,86 | 0,86 | 0,95 
Zn (NOs)a+ 6H20| 0,64 cE 0,50 | 0,40 | 0,60 | 0,64 
Mg (NOs)2-6H2O} 0,80 — 0,65 0,57 0,80 0,84 


pUBaeMble KPHCTAaJOFHApaTbl MOXHO pasfeUTb Ha [Be FpynMbl No xapakTepy | 
W3MCHCHHA BbIXOJa HATPHTa C USMCHEHHEM MOMLHOCTH AosbI. K meppow rpynme| 
OTHOCATCA HHTPaTbl KaJIbI[MA M KaJIMUsA, MMeIOWIMe B CBOEM COCTaBe M0 YeTHIped 
MOJ€KYJbI BOLI. Bo Bropyio rpyniy BXOAAT HHTpaTb! WHHKa uM MarHus. Jia | 
NepBOH PpyHMbl XapakTepHbIM ABIAeTCA HaJIMYHe MHMHUMyMa WIA Gnoz mpu | 
mMoutHocTH Jo3bI 0,8-10!° 5B/mi-cek. [lopemeHve cole 3TOM rpynnbl npu pas- | 
JIMUHbIX MOULHOCTAX JO3bIl pa3sJIHU4HO. | 
Ecau id HUTPaTa KaJIbUHA 3aBMCH-| 
MOCTb BbIXOJa HATPHTa OT O3bI 06-) 
JIYYCHHA UMeeT JIMHECHHbIM XapaKTep) 
BO BC€M HHTepBaJle€ MOULHOCTeH O3bI, | 
TO [Id HUTpaTa KaJjMHA, Ip HeKOTO- | 
PbIX MOULHOCTAX JO3bI, HaGsOMaerTcs } 
ABHO BbIPaxkeHHoe MpeoOsaqanue 06- | 

paTHOH peaKkWMu Hay MpAmMod. 
MuuumMyM Guo, Aa come BTO- 
pol rpynmbl HaOoqaerca Mpu MOLI: | 
HocTH o3br 1,24-10!® 95B/ma-cex. | 
Jia HUTpata WHHKa mpeoOmaqanne 
oOpaTHoH peakUMu Hall NpAMOW xa-| 
40 | PaKTePHO JIMIIb B HavasIbHbIxX yuacT-| 
sb/z-10-8 xax kpuspix. Tipu mepexoge K ose | 
Bpulle 35-10'° a9B/r ckopocru o6pat- 


Konuvecmbo NO, 
S 
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Losa obnyvenia ————> 


Puc. 2. Ca(NOs)2-4H2O. 3asBucumocTs komnue- 

CTBa HUTpaTa, MpeBpalleHHOrO B HUTPHT OT JO3bI 

oOyYeHHA Mp pa3MMUHbIX MOULHOCTAX JO3bI. 

a—4,1-10!® 5p/ma-cex, 0—1,7-1018 5p/ma-cex, 
6 — 0,48-1016 5p/ma-cex, 2 — 1,24-10%6 


HOH WM MpAMOM peakUMH BbIPaBHUBa-|| 
rorcH. XO KPHBbIX JIA HUTPaTal 
MarHHA ToKasbiBaeT mpeoOsalanuel 
oOpaTHOoH peaKuHH Hal peakunel) 


pa3/lo%KeHHA WOHA HUTpata (B ONpe- 
J@IEHHOM HHTePBae MOLILHOCTeH | 
J\O3bl). | 

Mowlekysbl BOA, BXOAAMHe B COCTAB KPHCTasIOPMApaToB, no xuMu4ecKo 
(PYHKIMH MW M0 CBOeMY NOJO2XKeHHIO B COJIM HepaBHOMeHHb!. CormacHo JaHHbIM 10 
TEPMHYECKOMY Pa3sOxeHHIO HUTPaToB (°,°) HUTPaT KaJblMA TepsxeT cpasy BCIO 
KPMCTaJWIM3alHOHHY!0 BOAy pH oOesBoxwkuBaHHH. HutpaT KaymMua pu o6e3- 
BOAKMBAHUM JerKO OTUEMMACT JIMIUb WBE MOJEKYJIbI BOLI M 3HAYHTEBHO TPYL- 
Hee— Jipe Apyrue. BecbMa TpyqHO UuseT OOe3BOXRKUBAHHe KPUCTaMMOrMApaToB 
WWHKa HM MarHus. B HacTosllee BpeMA He MpelcTaBsAeTCA BO3MOXKHBIM Ole- 
HHTb POJlb BOKbI B Upoleccax MpeBpallleHuA KPHCTaMJIOrHApaTOB Nok NelicrBuem, 
U3J1YUCHHA, OMHAKO BBeeHHe MOJIeKYJI BOLI B KPHCTaIM4YeCcKyIO pellerKy, 
AOJIXKHO KaK-TO OTPa3sHTbCA Ha BeMYHHE CBOOOAHOrO OObeMa 9SsIeMeHTapHoii | 
AUeHKH, SHEPIMM KPHCTAaJWIMYeCKOH pellleTKU MU Apyrux dakTopax, ompeyensato- | 
IMMX CKOPOCTb pa3loxKeHHA cou. JleHcTBUTeIbHO, U3 CpaBHeHMA BbIXOLa HUT-| 
puta B Oe3BOHbIX COMAX H KPHCTaWOrM“ApatTax BHHO, TO NocneqHHe Gonee 
UYBCTBUTEJIbHbI K eHCTBHIO Y-M3J1yYeHHA, YeM OesBOZHbIe coum. OrcytcTBHe JaH- 
HbIX O CTPYKTYpe KPHCTaNMOrMApaToOB M YACe MONeKYJI B SeEMeHTAapHOl aAUeLiKe 
He MO3BOJIMJIO HaM MpOBeCTH CpaBHeHHA MexKJly USMCHEHHeM BEIXOJa HUTPUTAa 
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5B/Mat-ceK, 0 — 0,8-1016 5B/ma- cex 


|| u3MeHeHHeM CBOOOAHOrO OObeMa SeEMeHTApHOl AYeHKU MIM Apyrux BeMUnH! 
yCTaHOBUTb MOpAZOK UYYBCTBUTeJIbHOCTH KPHCTaJJIOrHApaTOB K JleHCTBHIO 
H-u3lyueHHaA. Onako NoOOnbIi OesBOLHbIM COJIAM MOPAZOK U4YBCTBHTEIb- 
miocTH (7), MO-BHJMMOMY, COXpaHAeTCA MW MWA KPHCTaJJOrHApaToB, YTO BUHO 


i 
lig Ta6n. 1. Kak oTMevaslocb, BBIXOyL HUTPUTa, MPH H3MeCHEHHM MOLLHOCTH J03bl 
hn 0,2-10?® 5B/ma-cek yo 4,1 -101% 5B/ma -ceK MIPOXODMT Yepes MMHHMYM. Tlono- 
IKCHHE MUHMMYMa ABJIAeCTCA XapaKTePHbIM JIA cOJleH, COJepxKalluX B CBOeM 
tocTaBe yeTbIpe WIM WecTb MOJeKy Bob. IloxBsieHHe MHHHMyMa, MO Halllemy 
HeHHIO, MOXKHO OObACHUTb culeyrouluM oOpasom. B pe3yibTraTe oOly4yeHHA 


‘BEPAbIX HHTPaTOB MPOMCXOAMT UX IipeBpallleHve B HUTPHT MO peakUMH. 


NOs + NOs + 3/202. : 1) 
|| IIpeamonaraetcs, uro 9HeprHA MOHMSHPyIOUleH acTHILbl IPHMepHO B paB- 
HOH Mponopiun pacxofyerca Ha WOHM3allMIo Hu BO30yxKeHHe HOHOB NO3- 

NOs- ~-+ NOs + 8, (2) 
NO;- ~— NO. > NO,~ + 0} (3): 


| B Tom cmyuyae, ecu KOHeUHDIM NpowyKT (HuTpHT) OOpasyeTca B pesyJIb- 
Wrare HeliTpamu3alluu (MH peKOMONHallHM) pafuKaJIOB (peakIMa 2),. BbIXO, He 


ISymeT 3aBMCeTb OT MJIOTHOCTH HOHH3anMH. Ecau xe voH NO, o6pas3yerca 
Helle KAKMM-JIHOO He3aBHCHMbIM IIyTeM, HalilpHMep, lO peaKUMH Me Ky TpoMe- 
YTOUHBIMH NpOAyKTaMu H HCXOJHbIM BeLleCTBOM 


- + O— NO,- + Oz2, (4) 


NTO BbIXO, HHTpuTa OyfeT 3aBHCeTb OT TMOTHOCTH MOHHBsaluH. Peaxuua (4) 
NOyQeT KOHKypPHPOBaTb C peaKI[HAMH PeKOMOHHALMH NPOMEXKYTOVHIX NPOLYKTOB 


NOy +0 — Noy, (5), 
OT O07, (6), 


CooTHolleHHe cKopocte peakuun (4) u (5, 6) OyeT 3aBHCeTb OT MIOTHOCTH. 
|MOHH3alN, a NIOTHOCTb HOHM3aLMH JIA JaHHol MOHM3Upyroulel “ACTH! Cc 
jOlmpefeeHHOH SHeEpreli 3aBHCHT OT IVIOTHOCTH BeleCTBa H MOUHOCTH Jo3bl. Ilo- 
BHJMMOMY, Tepexof BbIXOJla HHUTPHTa yYepe3 MHHHMYM xXapakTepH3yeT Cooon. 
| BOSHHKHOBeHHE B KPHCTaJJie OOJbWOrO YMCA OM3KO PacMOJOKeHHbIX Hapylle-- 
| HMM WIM OTJCJIbHBIX 9JIEMCHTOB HOBOH KPHCTaJIMYeCKOH PeWeTKH, YTO MpHBO- 
,MMT K CHMKeHUIO SPeKTHBHOCTH OOpaTHOM peakuuu (5) No cpaBHeHHIO C peak- 
juusamu (4) u (6). 


Hay 4nHo-HecneqopaTenbck Hii Tloctynuao 
(PH3HKO-XHMHYeCKHH HHCTHTYT 31 I 1959 
uM. JI. 4. Kapnopa 
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Jloxaagp AkagwemMun HaykK CccGcpP 
1959. Tom 126, 3 


@U3HYECKAA XHMH3| 


HM. B. BEPE3HH u H. ® KA3AHCKAA 


NOCJIEQOBATEJIBHOCTb OBPA3OBAHHSA MPOLYKTOB 
IPH )KHAKO®A3HOM OKHCJIEHMH ,WMKJIOrEKCAHA _ 
-B CTAJIBHOM ,COCY JIE 


(ITpedcmaeaeno axademuxom H. H. Cemenoeoim 29 [ 1959) 


MuorouncieHHble] SKCMePHMeHTaJIbHbIe JaHHble MO OKHCJIeHHIO yrseBOICt 
‘pOJOB B KH AKO pase yKa3blBaloT, YTO OCHOBHAaA Macca MPOAYKTOB OKUCIEHUA OO} 
_pasyerca 3a CueT pacilafa COOTBeTCTBYIOLIUX THAponepeKucelt. Ito nomox*KeHHe Obl} 
JO NOATBEpKLeHO AIA CLy4aA OKACCHUA WHKJIOreKCaHa B CTeK/IAHHOM cocyze (+ 
Hekotopble KHHeTHYeCKHe 3aKOHOMepHOCTH (3ana3bIBaHHe MaKCHMYyMa Ha KHHEe) 
THYeCKOH KPHBOM HaKOMNMeHHA FHAponepeKHCH WAKJOreKcHa MO OTHOLMeHHK} 
K MaKCHMYyMaM CKOpocTeH OOpa30BaHHA WAKMOreKcaHOHa HM WAKMOreKkcaHosa 
IIPHBeH K MpeMosO*KeHHO, YTO WAKMOreKCaHOH MH WAKJIOTeKCaHOJI Mp OKHC] 
JI@HHM WHKJOreKcaHa B CTaJIbHOM cocyjle OOpa3y1oTCa, MHHYA cTaluio pacnand 
Mponepekucu (2). PewiuTb 9TOT BOMpOC MOXKHO C MOMOUIbIO KHHeETH4eCKOr) 
-MeTOfla MeYeHbIX ATOMOB, KOTOPbIii OblI HCNOMb30BaH B HaCTOAUIeH paOoTe. | 

Bo3MoxKHaaA CXe€Ma OKHCJICHHA WAKOreKcaHa B %*KUAKOH (base TaKoBa: 


ae 


A= B s C ov ‘pyre mpoxyxtst.f 


ieee vine pe 


a4 
7) 


Syecb A —wuksorexcan, B —rugponepekucb WuKnorekcuna, C — uuKaorek! 
“CaHOJ WIM WMKJIOreKCaHOH; %, %, 8 —YebHbIe MOAPHbIC palHOaKTHBHOCTI 
3THX COeqMHeEHHM cooTBeTcTBeHHO. Hac uHTepecyeT CKOpocTb oOpa30BaHua ( 
IOMUMO B, T. @. Ws. 

B cBxa3H C TpyAHOCTAMM CHHTe3a paqMOaKTHBHOH THApoNnepeKucu WuKOreK 
cHsla Obl MpHMeHeH CieqyroulMh mpvem. EcuM B OMpeseeHHbIli MOMeHT BpeMe| 
HH fy, KOra B CHCTeMe HaKONMTCA JOCTaTOUHOe KOJIHUECTBO MpOMexKYTOUHBI 
BelleCTB, JOOaBHTb B peaKI[HOHHYIO CMeCb HeOOJIbWIOe KOM4eCTBO HCXOLHOF’ 
-BellectBa A, coflep»kallero B MOeKye PaqMOaKTMBHbIi UZ0TON yrsmeposa, Te 
C 3TOrO MOMeHTA BelllecTBa, OOpa3yrolllMeca HenocpescTBeHHO u3 A, OyayT nO 
ABJIATbCA TOJIbKO B pawuoaKTHBHOM Buse. Mx yJetbHad MOMApHaA pakMoaKkTHB 
HOCTb OyfleT paBHa yJebHOH MONAPHOM paqMoaKTHMBHOCTH ucxozHoro A noca 
‘BBeeHHA NO0aBKu. B pesyibTaTe pacxOJOBaHHA uMeBUIMxcA KO BpemeHu ¢ 
coequHenuit Bu C ux yqembuble MOMAPHbIe paqMOaKTUBHOCTH 4 H 3 HAYHYT pacTH. 
aa & ) H CKOPOCTb BO3pacTaHuA a M 8 CO BPeMeHeM, MOKHO OMpeseiuTS w’ 


O6ujaa paquoaKTuBHocTh C paBua 
I = (Cj; (i 


-C [pyro CTopoubl, cKopocTb H3MeHeHHA J BO BpeMeHM MOxXeT OLITh MpelcTaBse: 
Ha BbIpaxKeHvem : 


‘dl , ° | 
WE Wsto + Wem — w,8. (2 


, 
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| " TIponudbepenuuposaB ypaBHenue (1) u noycTaBuB B ypaBHenne (2) sHayeHHe 
WIA W, 43 ypaBHeHAA we + ws = wa + A[C]/dt, nonyuum, copmemas (1) u (2): 


parghseste SB aD cope (3) 


Ji HyseBoro MOMeHTa BpeMeHH BTOpOli WleH ypaBHenua (3) paBeH HysIO, 
| {C] dB dB 

U3 = —— = =U; Se 

id Ws ated Ecau ai 0, TO H W; =0; ecuM 77 (OTAWYHO OT HYJA, 
WAOJIKECH CYULeCTBOBaTb MyTb OOpasoBanua C HemlocpescrBenHo u3 A. 
Bejim4vHa W,—CKOpocTb o6pa3zoBaHua C u3 B—mMoxer OnITb HalijeHa 13 


ciefyioulero ypaBHeHHA, Mpeqoxennoro M. B. Hefimauom (°): 
AP (B]_ da 
Ay—a at 


Wy = ‘ (4) 


Ecuim Ha OlpelesedHOM OTpe3Ke BPeMeHH MOXHO CUUTATh KOHILeHTpalluio 
B MpHOuJIM3HTeM>HO MOCTOAHHOM, TO W, = W,. [Ipeqnomnaraa, uro B nperepnesaer 
|MOHOMOJIEKYJIAPHbIA pacial, MpOMHTerpHpoBaB, NosyaHM 


& = % (1 —e-*), (5) 


i3hecb ¢ —BpeMaA, OTCUMTHIBaeMOe! NocNe BBeeHHA paluoakTuBHoro A, u k — 
XOHCTaHTa CKopocTH pacnaya B. 
iTemmepaty pe 140-+40,5° uw faBieHun Bosqyxa 10--0,1 atm. Cxopocts nposy- 
| BaHUA BOSLYXa paBHAaCcb 80--0 MI/MHH. 
Obl. Meueupii C!* nuKstorekcaH Obl mo- 
JIy4eH W3 pafMoakTHBHOrO WHKJIOreKca- 
| HoHa (*) BoccTaHOBsJIeHHeM ero MO MeTO- 
he Xyaur-Meunouna (°). Luksorex- 
i 
HObII TULaTebHO ouMMeH (T. Kun. 80— 
#80,5°, np 1,4264). Jia yaryuuienua Boc- 
WMI CMeleHHe pxfla NOpiu OKUCeH- 
§HOTO JO ONpeeeHHOH ri yOHHbI WHKJIO- 
fora Komenrpain  raxpomeperien  apoayion | mene gmyrorencat 
locTaetca B TeyeHve 1,5 uaca npHOmu3u- Masa ; 
ITeIbHO mocroxHHoM). B oKMCeHHBIM KUcb ILMKorekcula 
waxnorexcan qoOaBlanu oKoNo 3—5% 
i 

8 6 
cmecu. KoauuecrBeHblit aHalu3 mpousBoAMJIcA Ha raaponepeKucu (°), WakJoreK- 
icaHovt W Waklorekcanou (”). ia onpeyeneHud yRebHOU paMoaKkTMBHOCTH IMK- 
| HUTPOenusiradpasova. OqulenHble NepeKPHCTaMM3al\Mel MPOHSBOMHbIe CxKUTA- 
j.14,,CO, BbIMOPaxKUBaJM KU TKUM KUCIOPOLOMH ONpedeAH CFO pakMOaKTUBHOCTh 
jaan inyTeM nepepeqenua ee B HaTpHeByi0 Cob (*). OunmleHHy!o ruApomepeKucb 
\T@KcaHOHa, PaMOaKTHBHOCTb KOTOpOrO OMpeseAM Kak YKa3aHO BbILIC. Cne- 
JI\MalbHbIMH OMbIraMu (MyTeM WoOaBKM K HepadOaKTMBHOW OKHCJICHHOW pode 
Mayle epekucu KeTOH ‘He CosepxKUT 3arpaAsHeHH KeTOHOM, OOpa3s0BaBIIMMCA MPH 
okucmeHun. IIpu BpludceHHu yeIbHOM MOJAPHOM aKTHBHOCTH BBOMMaACh IO- 


Onbirbl 10 OKHCeHHIO WAKOreKcaHa MpOBOLMIMCb B CTaIbHOM cocyyle npu 
IIlo xogy okucnenua oTOupanucb mpo- 
1 
CaH, HCNOMb30BaHHbIM JIA OKHCJIeHHA, 
|POUSBOAMMOCTA OMbITOB MbI IIPOH3BO- 
rekcaua (4 uaca moce Hauala peakiMu, Puc. 1. Tunnanpie KuHeTuyeckue KpHBbIe 
| caHOH, 2—wlukKsJoreKcaHol, 3 — ruqpomepe- 
|PpaqMoaKTHBHOrTO WHKoreKcaHa H HC- 
|MOMbSOBANM LIA OMbITOB MOM yYeHHy iO CMCC. J\na Kaxoro onpita 6panv mo 25 Mil 
| lOrekcaHod BbIeM AIM B BUC 3, 5- MHUTPOGeH30aTA, WHKJIOreKCaHOH BBU Je 2,4-nu- 
1B CueTUHKe BHYTPpeHHero HanomHeHud. TuAponepeKucb IWMKJOreKcHJa BbITe- 

i 9 

| paslaraiu ‘HarpepaHaemc3 %'pactBopoM H,SO,B yKCyCHOMKUCJOTe (°) Ho WHKJIO- 
|PpayMoakTUBHOrO IMKsOreKcaHoHa) OblIO MOKa3aHO, ATO NOMYYeHHbIM MPH pac- 
\1paBKa Ha KOJM4eCTBO aTOMOB yrviepofa B CKMTae€MOM MPOU3BOHOM. 
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Ha puc. | npeycrapieHbl THNMUHIe KHHETHYECKHE KPUBbIC OKUCCHHA UAKO-; 
rekcaHa B CTaJIbHOM cocyJe, Ha puc. 2 —KpHBble BO3PpacTaHHA YAeIbHBIX MO-} 
JIAPHBIX AKTHBHOCTeli THApOMepeKUCH WAKNoreKcusa, UMKOreKCaHONa WM WKIO-) 
rekcaHoua. M3 puc. 2 BuAHO, TO WIA WuKMOreKCaHOHa (dB /dt);o= 0. Oto O3Ha-} 


umn /MuaH-mm 


Puc. 2. V3smenenne yebHOl MOJApPHOH AKTHBHOCTH BO BpeMeHH. 
7 — wuksorekcaHoH, 2— WHKMOreKcaHOJI, 3 — ruyponepeKucb 
WMKIOreKcusa 


yaeT, uTO Ws = O, H, CMefOBaTeMbHO, AIA KeTOHa HeT MpxAMOrO MyTH OOpaso-) 
BaHMA U3 Wuksorekcana. Ja wikmorekcanoua (dB/dt);-9 40, M WA Hero Cy-) 
WlecTByeT MYTb OOpa3s0BaHHA HeMocpeACTBeHHO M3 WHKJOreKcaHa. i 


d 2 9 Ta, 06- 
Bpema nocste = W108, 2-108, Veeisseds a Ga aoe 
BOpoca, MHH. MOJIb/Jt-MHH MOJIb/-MUH cnupta, NOMHMO THApo- 
MMII/MHH2-MMOJIb (ws+we)-108 mepeKucu 

0) M15 2 0,83 BAe 3,48 ~24 

20 32 0,83 2,65 3,48 rey 

30 31,5 1,26 2,83 4,09 ~31 

45 28 Aes 2,94 4,60 ~37 

60 21,6 2,44 2.94 5,08 Fas 


Jl14 OWe€HKM BeIHYMHbI W3 HYXKHO 3HATb We, T. €. CKOPOCTb pacnajla THApo 
MepeKHCH C OOpasoBaHHeM WHKJoreKcaHoma. Kak u3BecTHo, TuApomepekucl 
WMKIOTeKchJla MpH paciase oOpa3syer IpHMepHO paBHble KOMUeCTBa WMKJIOFeK 
CaHOHa M WukJoreKcaHoula (1). KoucraHTy ckopocTu pacnaqa rufponepekucl 
WAKOTeKCHIa 10 OOOMM HallpaBJICHHAM MOXKHO HaliTH, MOb3SyACb ypaBHeHHed 
(5). Ha puc. 2 A mpencrapnena noswynorapudmMuyeckan aHamop(o3a 3TOrO BbIpa 
*KeHHA. OnpefeeHHad 3 HakNOHa MosyYeHHO MpAMOli KOHCTaHTa OKa3aJacl 
paByoi 4,9--0,5-10-°mun?. B Moment BpeMeHH, paBHbili HYJIIO, W3 = 3 pa 
=0,83-10™? mon/n-mun. Ilo ypapuennio (3) MoxHo paccuuTaTb we JWI MOMeHT: 
BpeMeHH, HalpuMep, 20 MHH., CUTAA, UTO W33a39TO BPeMA CHJIbHO He U3MeHHTCA 
HaxoquM We =2,65-10°% mon/n- mun, TO B 9TO TouKe cocrapaser 58% obmlel 
CKOpocTH pacnafa ruyponepekucu wWuksorekcua. IIpumem B JasbHelilem, UT 
MpH paciaye ruaqponepekucu oOpasyerca 60% WnKJoreKcaHosa. 

B rao. 1 mpwBeyenbi (aHHble 10 BeIMYMHAaM CKOpocTelt OOpa30BaHua CHP 
Ta JIA Pa3JIMUHbIX MOMEHTOB BpeMeHH. YunTbIBAA OWMOKH MosCcueTa, MOH 
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tuHTaTb, YTO OKONO 30% WHKOreKcaHOula OOpasyeTca, MHHYA rugponepeKucb 
uKOreKchsa. TakuM OOpa30M, Ip OKHCJIeHHM B CTa/IbHOM cocyjle OCHOBHad 
acca IIpOMyKTOB peaKUMu OOpasyercA TakxKe MyTeM pacnaqa rusponepekucn 
(WMKsIoreKcnwa. 

| Unxsorekcanoa, nomumMo rugponepeKucn wWuksoreKcuaa, MoxKeT o6paso- 
BaTbCA B peak TOMbKO u3 pasuKala ROO -. Tlepsuti BosMoxHbIM ~MyTb — 9TO 
peakKWMA KBakpaTH4Horo OOppiBa. OWHaKO, BO-NepBbIX, peaKIMA KBapaTHuHOrO 
oOpbiBa STUX PaUKaJOB MPHBOAHT, Kak OblwIo MoKasaHo Paccenom (2°), K o6- 
}Pas0BaHHt0 PaBHBIX KONMYECTB KeTOHa M cllMpTa (y Hac He u3 ruyponepeKucu 
yoOpasyeTca TOMbKO CMUPT), H, BO-BTOPbIX, CCM, HCXOAA U3 STOFO Mpesnonoxe- 
jens, OWeHHTb JJIMHY Welw Mp OKHCJIeHHM UWMKMOreKcaHa, TO OHA OKaxKeTcA 
|MeHBUIe HaOmofaemol Ha onbite. Ilo-suzuMomy, nepeKucubili pagquKal, Kpome 
peakiHu 


yi 


ROO: + RH— ROOH + R., 
MOXKeT BCTYMaTb B peakUMUM Ceqyroulero Tuma: 

ROO- + HR— ROH + RO., 
RO- - HR ROH + R-, 
;IpHBoAAuMe K OOpas0BaHHIO TOJIbKO WMKOreKcaHoma. 


MockopckuH YocyapcTBeHHbI yHUMBepCcuTer Tocrynuso 
um. M. B. Jlomonocosa 27 T1959 
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Jloxnagn Akayemun nayrk CCCP 
1959. Tom 126,' Ni 3 


@®H3HYECKAA XHMH# | 
a. 11. COXWITEMH 


JBUJEE YPABHEHHE™ OCLLMJIJIOTPA®HYECKON NOJIAPOFPAPHH, 
OBPATHMbIE_TIPOWECChI TPH KATOJAHOM WH AHOAHOH 
NOoJIAPHSAWMH 


{ (I1pedcmaeaeno; axademuxom A. H. Ppymxunoim 28 I 1959) 


I\HaJIOM 9JIeKTpOJa, Ha KOTOPOM 9STOT Mpolecc MpoTekaeT, 3akJiouaeTcA B pe-| 
IN€HHM KpaeBOH 3aauH [lid CHCTeMbl JByX NapaOosMuecKHxX ypaBHeHun 


: 2 oe? " ' - f | 

F =D,52, a = D543, Cre, 0), = dy a); C3(a; 0) = de (x); ((1}} 
0, t) 2 iF pate : | 

ate : : 2 e s exp [- oo (Ey —E ()] =a(t); Qs 

D, 522 (0, t) + Da = (0, ty = 0; (3) | 


[4 fe — KoadcpHUNeHTHI AKTHBHOCTH; C, HC) — KOHMEHTpallM HCXOHOPO BelllecTBa 
M MNpOAyKTa 9JIEKTPOXMMHYeCKOM peakIHH Ha paCCTOAHHH xX OT NOBepXHCCTH 
3JIEKTpOa B MOMEHT BpeMeHH ¢; ¢, (x) H bo (x)—HadaJIbHble pacnpeeseHHA BeILLecTB. 


COOTBETCTBEHHO B pacTBOpe MH B aMaJibraMe; £) — HOpMaJIbHbIM NOTeHWMasl CH- 
RT Spawn * =~ . — x >t 
cTembl; E(t) = oF P (¢) + E—s3aKoH W3MeHeHHA NOTeHMaJa | seKTpoya [co 


ppemenem; E = E(0). Lenni pewenua sToH 3aqau B oclussorpapuyeckow 
MONAporpapuu ABJIAeTCA ONpefemeHHe He KOHIeHTpallHh c, (x,t) H ¢2(x, t), 


Oc 
a 3JIEKTPOXHMH4ECKCTO TOKa, NpCcncpwncHadbHOrO a7 (0; t). PasyMeetca, ecu | 


HalleHO MocsleqHee, TO KOHILEHTpalWW MOryT ObITh MerKO NOCuNTAaHB. 
Sanaua (1)—(3) 6pima pemena Ana pana caysaes [epunxom(?) u Pengn- 

com (?). AHaMTHuecKHH MeTO, peweHua KkoTOppiii us6pan WesunK, 3axst0- 

yaeTCA B cJleqyouleM. Buayane nosaraetca $,(x)=c=const u bo(x)=0. 


SaTeM MeToqoM mpeocOpasopanua Jlanuaca onpegenstotca c,(x, t), co(x, ty 
OC, 
u ——(0, ¢). 


s 0c 
Huxe onucpipaerTca NpAMCH MeTO Onpeqenenua ae (0, t). Merox Tipocr 


M B TOM CJlyuae, CCH He HajlaraTb cnellMabHbIX OrpaHuyenui Ha cbyHKUMu 
d; (x), be (x), E(¢), uw Torgqa OH NpHBOAUNT K OOM pesynbTaTam. 

JlonycTuM, uTO 3ayjaya pellieHa, T. €. H3BeCTeH rpaqueHT KOHMeNTpalluM 
y NOBepXHOCTH Kak (byHKUMA Bpemeuu ¢,(¢). Torga 3agqauy (1) mMoxHO pa3- 
OHTb Ha ABe He3aBHCHMbIe KpaeBble 3aayu: 


dc; Oc, 
See pee 
ot * Ox? ? 


4 


a(t. )= dle FON=et) (=1,2) 
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aKa W3 KOTOpbIX MSBECTHA KaK KPaeBas Sajlaua BTOporo THNa u NpMBO_NT: 
| pelueHuto 


| a 4 as ; UE iets pete —_— 
6 (x, = yap te (6) fexp| aD, t | +exp 4D; t |} 
ae r 
_4/ Dif _e@) ee : 
VAR Dis | dr. (4) 


UroObi yyectb cooTHomenve (2), saqaHioce Ha rpaHuue 9JIeKTPOX — pac- 
HBOP, COBEpuIMM B (4) mepexoq K Npefeny mpa x—>0; on gonyc7um nog. 
‘HaKOM OOOHX MHTerpasos: 


fore) | 


t So se 
; 4 2 DC (7) ' 
cj(0, ty = == \ i (S) exp i= 2,1 de — H dt. (5): 


n IVi—t 
0 = O ater 


RTF 


0 : 
SameHsas. |B (3). = (0, ¢) =\9;(t), yMHcxKasny Ha 


| 


Ty4uM 


{u uHTerpupys, no-~ 
aC . 


{t {t 
1 (7) 2 (*) tat ; 
Dy\ rps + Da PE a 0. (6) 


0 


| 


TlogcraHosKa ¢, (0, ¢) u cy(0,¢) us (5) B (2)'u yuer (6) npuBogat K ypaB- 
I€HHIO OTHOCHTEMbHO 4, (f) 


t 


“91(t) ; 
= de =} (2), (7) 


he mpaBad YacTb ypaBHeHua (7) OOosHauena uepes f(t) * 


co 


im , dr (6) Stee te 
oak V Dit [t+ V Di / Da] WWD |— ma] 
Loews be (t) . HAs C23 ‘ im ‘ 
—vo (t) TB. exp| ‘ZDs il} do. (8); 


| [lomysennoe ypaBHenne, cofepxKamlee ucKkoMylo dbyHKuHIO 9, (t) NOX 3Ha— 
IKOM HHTerpaJia, H3BeECTHO KaK ypaBHeHve AG6ensa. Ero pemenue 


t 


2 Rig lo SN PAREN CR Cy ey , 
me OA =ad=— {oe vO aed (9) 


lB 
F 


BaKIIOUaAeT BbIBOJ OOWero ypaBHeHuA AJId OOpaTHMbIX Mpoweccos. ToK” nony- 
iaeTca yMHOwKeHveM (9) Ha YHCNO SNeEKTPOHOB peaKUHH n, MoMayb aeK- 


rpoga S, aco Mapagen F u xoappunuent quddysun D;: 


t 


say SMED: {F(40" CPF) » 
i(Q=— 14S V7}. (10) 


0 


"TlogrBepium OOWHOCTb sTOrO ypaBHeHua mpuMepamu. O6suHo dh, (x)=c 
U O.(x)=0. Torga 
Va 


phi VD; [1 + © ()V Di Daj 


(11) 
599. 


‘Ecam 0 (t) = exp [FEW — B)] = oe, To c yyerom @ + me* = 
=2Vmch(z+%¥.Inm) 6yyer 

fis Sy aN Tete ae 12 

i O=—0V § rao aL VED (12, 

TlocToaHHBIA NoTeHUHadn. w(t) = 


b 
MSs eR ae ny Gey ay 
MOS ras VDDD [ (0); . Ff () = 9; 


i(t) = SaF V Dye 


= const; 


(13 
il 

Vai (1-+60VD,/D»)’ 
‘YTO COBMaqaeT C H3BeCTHBIM B TosAporpaduu ypaBHeHuem (°). | 
JiunHetHo H3MCHAWMHUCA TOTeEHHHAI. KaToqnad 1ONApU 
3aiua. w(t)=be"; a=vunF/RT; v>0—ckopocTs u3MeHeHHa NoTeH| 
Wnaa (B/ceK); 
Va Tt a . 
= ES) 
i) V DG 2 6V Dy Deer) ee D1 4ch?4/s [at —In(0V Dy/Dz2)] | 
Tlogcrapaaa B (10), MpuxoquM K ypaBHeHHIO TOKa JA paccMaTDHBaShia 
cnyuan: 


fal “2 


al a 


Va Vii +0V Dy/ D2) e J Vi—ch?1/, a(t — hy) | 


EE 4 De 
es eee Vee 

U a il Dz | 
BOJIHbI. Waa CpaBHeHUA IIDHBOAUTCA ypaBHeHHe IHepunxa, BbIBeJeCHHOe MM AL 
9STOTO we Ciy4an: 


i(t) = SnFV Dyc 


rye Bpema ty, = COOTBeTCTByeT OTeHIMasly moddy| 


t 


: == il 1 Dz | a dt 
MURALS AOR E TS V 2 4 Vi—tch? 4/3 a(t —t,) i 1 
} 
IIpu Oompumx 6 wu a (HayaJIbubIt NOTeHUMaN CHIbHO MOMOKUTeEMeH OTHOCHE 
TCJIbHO PABHOBECHOFO NOTeHWMasla, CKOPOCTh H3MEHEHHA MOTeHWMasa BbICOKAas 
ypaBuHeune (14) mpakTuyecku copnagaer c ypaBHenuem Ilepuuka. Ecau xor:} 
Obl O(HO H3 STHX YCJIOBHM He BbINOMHACTCA, TO pacxoxwKeHue MEXLy OG6OMMIE 
YPaBHeHHAMH BeHKO, pH 3TOM (14) oKa3pIBaeTca Holee TOUHBIM. ITO BUHO) 


© I} 
€CJIH, HANPpHMep, MOMbITaTbCA B OOOMX YpaBHeEHHAX Mepelitu K CJy4alO NOCTOAH 


Iesunka i(t) =0. ih 

PasHulla M@Ky ypaBHeHHAMH OMLyTHMa He TOKO B mpesene (a = Oh 
HO H IIpM MaJibix a. AnalOrMuHble pacXoxeHHA HMEIOT MECTO H Ip OCTAaTOUH | 
OTPHWaTeJIbBHOM HavaJIbHOM MOTeHIIMale, axe eCJIM A BEKO, TaK KaK Ip 9TO) 
B ypaBHennu (14) BospactaeT poub nepBoro wiena. i 

Hecmorpa Ha CYyUeCTBeHHbIe pacxoweHHA, ypaBHenve Illepunka u ypakf 
HeHHe (14) —oOa MpaBHJIbHbl, pa3sIHUHEI JIMWIb OOacTH UX NMpHMeHeHHsl 
‘OOnacTb MpuMeHeHusa ypaBHeHusa (14) wpe, Tak KaK pH ero BHIBOIe Ob 
ChelaHbl Oolee OOUMe MpeANONOKeHHA OTHOCHTebHO MHTepBaa BpemMeHH 

JIuHeHHO uU3MeHaIOMmUcaA noTeHyuad. AHOMHaA TNonapph 
3amusa. Tloresmuan meusetca m0 3aKony (*) 


E@={ (OT <1); 
E+v(t—to) (tp<t<o); 

e b 0<t<t), 
0() = ex — FrE—2O)]= [wets <t< to) 


ol =F 00 
‘600 


STO OJMH U3 Tex cyy4yaeB, KOra HavabHblit MOTeHWMas CHIbHO OTpuila- 
eH Hu Db mao. CoorBetcTBeHHo u3 (11) 


Va 
t(ty =| V Pad + OV Dis Ds) (0<t<hy), 
J (opexe 1 <0) 


VD, (1 + be) V Dy | Da) 
praa oOujee ypapuenue (10) qaer ana t > to 


= 4 4 a dt 
= 3S F D = = + Sto a ee eae Crea’ 1 
i : Va Der ae (mE a near ane ae 


| [leppplii uneH B (pburypHbIx cKoOKax 3HauuTemeH, Tak Kak E < E, <0 
6< 1. B uacrnocru, pu typ = 0 


t 
peter ie 4 a dt 

ai) = SnF V D rT Metisse. igs } 
EC) ee ete ini ee \rarnee=hp 


HO coplafaer c (14), u6o mocseqHee BbIBeeHO JIA sMOObIX 3HAUeHHH a, 
DMOHKUTEIILHLIX H OTPHILATeJbHBIX, 

Tlorenyquad, u3MeHAIOMUNCA Nepnoruuecku. unoo6pa3zvoe 
hIIpsokKeHHe HW HalipsAyKeHHe, MeHAIOMeeCA 10 3aKOHY paBHOOespeHHoro Tpe- 
FOJbHUKA, JerKO MoryT ObITb IipefcTaBJIeHbl TPHrOHOMeTpHYeCKHMU psiaMu 
1B TaKOM Bue Nosctapsienbl B (11). [Ipomexyrounble cmyyau MoryT ObITb 
CIEOBaHbI aHasioruuHo (°). 

B oe ypaBHenuu (10) uM BO Bcex ero MIpHsiowKeHHAX BCTpeuaeTcA 
i’ (t) 


Vi 


Ter padi \ -dt, KOTOpblii He BCerya MoxKeT OblTb B3AT. [losTomMy B IpaK- 
ne 
| 0 
ecKux pacuetax sTOT MHTerpad MpAXOAMTCA BbIYMCAATD TIpHOJH2KeHHbIMU 
foe OyHako B TaKOM BHJe, KaK OH BxoZuT B (10), ero BEIMHCJATb 
4 
PIkesIecooOpasHo, Tak. Kak lipH t—>?t i= 
| = 46 
Wpasuyuena. Ilocne uHTerpupoBanua mo wacTaM 
t t 
(| ° , Tt —_— ——— 
\ I” (*) dc = 2/f (0) Vi+\Vi==af @)| 
ay 
. 0 0 
pyyaem copmy, Somee ymoGuyro Aa NpescTaBseHua B BHe cyMMbI. UroOpl 
® pasOMBaTb wpomMexyTok (0,/) mpH Kaxxyom ¢ 3aHoBo, pa3sqemuM ua N 
WiBHBIX vacTeli Becb UHTepBas u3sMeHeHua ¢ (0, 9), rye 89—Bpema, coorBer- 
Bylollee KOHWy HaOmoyenus. Torga, UpunuMaa 3a equnniy Bpemenn 0/N, 
DIYIMM jit MOMeHTa BpemeHH ft = k 


k k—-1 ; 
| AO de 2{f (I) VE+ VET ETN —-P OY. (16) 


Vk—t 
0 


3aMmeTuM, UTO Tak Kak (ft) MMeeT CMbICI HU WIA HeOOpaTHMbIX Mporeccos, 
) HW JIA HUX 3€BUCHMOCTb TOKa OT BPEMEHH MOET ObITb 3allvcaHa B Buse (10). 


>oo, B TO BpeMa Kak f’ (t) 


MuctutyT reoxuMMH HW aHamMTMuecKkOH XHMHH Tocrynusao 
um. B. HW. BepuaycKoro 27 I 1959 
Akayemuu Hayk CCCP 


UWMTHPOBAHHAA JIMTEPATYPA 
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Wornagn AkawemMuu HaykK cccP 
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@H3HYECKAI XHMH} 


H. B. JIEKAPTOBA u B. H. PO)KAHCKMM 


VCCJIEJOBAHUME BJIMAHNA MOBEPXHOCTHO-AKTHBHOM CPEJIbI 
HA TIPOLWECCbI JE®OPMALLMH MW PASPYIMWEHHA 
METOJOM BHYTPEHHErO TPEHHA 


(I1pedcmaeneno axademuxom IT, A. Pe6undepom 23 II 1959) 


Tloy4uHBUIHH B MocueqHHe TORbl WHpOKOe paclipocTpaHeHHe MeTOL u3Mep) 
HHA 3aTYXAHHA CBOOOAHbIX KPYTHJIbHBIX KONeOaHHH B pxfle c1ydaeB NOSBO/A} 
rulyOOKO MpOHHKHYTb B MeXaHH3M MpOleccOB, CBA3AHHBIX C IlepeMelleHHe 
aTOMOB B OGbeMe TBepforo Tela. OWHaKO JIA U3SYYCHHA MeCXaHH3Ma BJIMAHE 
cpey[bl Ha MeXaHHYecKHe CBOHCTBa MeTAaJIOB STOT MTOM elle He IIPHMeCHAJCA. 

Vismepenua mulacTHuecKoi Bs} 

cmt 6 KOCTH pH YyCTaHOBHBIelcaA mo} 

; sy4ecTH B 3aBMCHMOCTH OT CpeJ{ 
BepBble ObwiH MmpoBefenH B. Jf 

JIuxTmaHo u B. C. Octposckun (},' 

KOTOpble OOHapy2XHJIN ee 3HAUHTEY 

G00. Hoe YMeHbIUeHHe B OpraHHueckl 
MOBepX HOCTHO-aKTHBHBIX Cpejlax, OC 

wy, A 6eHHO MIpH HalpsAxKeHHAX, OM3KE 
K lipeflesly TekyyecTH, Mp KOTOPE 
appekT oOslerueHHa LeopMauun, O} 
KppiTpii Il. A. Pe6uxyepom (%), Bcet 
a MpoABsAeTCH HavOomee ApKO (‘} 
Puc. 1. Kpuwpbie novi3yuectH MoHOKpucTaaa B jaHHol padoTe ucciJleqoBavo} 
uuHka (d= 1,0 mm, /= 20 mm) mpu noctosH- BJIMAHHE alCcOpOUHOHHO-aKTHBH( 
HOM sakpyunBaloulemM Momente (M= 3914 cpeypl KaK Ha Mpollecchl nmacTHy} 
HwH-cM): d—Ha Bostyxe, 6—B 0.2% pac- Cxot pechopMallHH MeTOLOM MOHOTO! 
TBOpe OJICHHOBOH KUHCJIOThl B Ba3eJIMHOBOM \ 
arene HOro 3aKPy4HBaHHA, Tak H Ha ATOM} 

pelakcallMOHHble Mpolecchl pH 3} 

YeHHH 3aTYXaHHA CBOOOAHBIX KPYTHJIbHbIX KoeOaHHit (c yacToTol 7 rn). 3m, 
PeHHA MPOBOJHJIHCb Ha MOHO- M MOJMKPHCTasIMYeCKUX MpOBOOKaX LHHKi 
KaMHA, MeqM HM CBHHIa Juamerpom 0,8 mm. B kavecTBe NOBepXHOCTHO-aKTH| 
HOU CpeAbl HCMOb30BaINCb 0,2% pacTBOp OeMHOBOM KUCJIOTHI B BaseJIMHOB 
Macule H PTYTHbI€ MOKPbITHA TOMMMHOK 0,5, 2 u 5 », HaHOCHMBIe Morpy2keHnil 
oOpaslloB B PTYTHBIe cou M60 B 4NCTYyIO pryTb. HavGouee NOLpo6uHo uccwi 
AOBAaOCb MOBeeHHe AMAJIbraMHPOBaHHOrO MOHO- HM NOMMKpPUCTaMM4eCKO| 
WHHKa, TaK KaK B IipebIyUIMxX uCCeqoBaHHAX (°) Obwia ycTaHOBJeHa Cus 
Had NOBEPXHOCTHaA AKTHBHOCTb PTYTH MO OTHOUWIeHHIO K IMHKY. ; 

IIpH MOHOTOHHOM 3aKpy4MBaHHH OOpasoB, NOKPBITbIX PaCTBOPOM ONeHHOB! 
KHCJIOTHI, TAK we Kak H B obITax B. V1. JIuxtmana u B. C. Ocrposexoro, ¥ 
OlofaeTCA YMeHbIeHHe MacTHYeCKOH BASKOCTH (puc. 1). IInacruduuupopanr 
O-BHMMOMY, B OCHOBHOM OOYCJIOBIMBaeTCA NOHH2KCHHEM MOBeEPXHOCTHO! 
HaTAKCHHA Ha TpaHulle Cpefla— Meta, 4TO yMeHbilaeT MOTeHIMaNbHi| 
Oapbep, MpensatcrByioulMi BEIXOLy AucoKauui Ha MIOBEPXHOCTb. 

AnalorMunoe aABeHHe JOMKHO Ha6OLaTECA UB NpHCyTCTBHH Takoli cH 
HOH MOB€PXHOCTHO-aKTHBHOM cpefbl, Kak pTyTb. OgnaKo B 3TOM calyyae 2H 
yHaupytoujve B OObeM OOpasila aTOMBI PTYTH, cosfaIollMe ONONHUTeEIbH 
602 
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HIMaJIbHblIe Oapbepbl WIA JBUXKeHHA JMCNIOKalM, MOryT BbI8BaTb addPext 
OUHEHHA HW CeMOBaTeIbHO NOBeUb 3a COOOH yBelMYeHHe MacTHYeCcKOli 
KOCTH. OToT sekT OCOOeHHO CHJIDHO OyJeT CKa3bIBaTbCA Mp OOMbIIMX CKO- 
rax RedbopmMauun. JletcTBuTebHO, Kak ¢ tehed 
NasaHO Ha plc. 2, B 3aBHCHMOCTH OT 
uma eopMaluu pTyTHoe NoKppiTue, 
aTOuHO ToIcToe, TOO o6ecneunTE 
yoByIO TpaHHly Ha BHelIHel NMoBepx- 
M, MOXKET NPHBOMMT KaK K MvacTH- 7 
jallMH, TAK M K YNPOUHEHHIO MOHOKPH- 5% 

JOB WHHka. Ha Merasax, AA KOTO- 

( PTYTb He ABMIAETCA CHJIbHBIM MOBepX~ é, 
HO-aKTHBHBIM BelleCTBOM-(CBHHel, Kayl- 0. ~ 1 Zine Sue 


I Melb), a TakxKe Ha MOJMKPHCTal- = 
i Te POJb MOBEPXHOCTHOTO Oapbepa pyc, 2, Kpupple nos3yyecTH MOHOKpH- 


a 


Gf 


HblllaeTca H HanOoulee CYWIECTBeHHbIMH cranna uHHKa (d = 0,8 mm, / = 20 mm) 
HIM aJIbHbIMU Oapbepamu CTAHOBATCA UPH NOCTOAHHOM 3aKPYUHBaIOUleM MO- 


j MeHTe: Q@— HeaManbraMupoBaHHblll 06- 
WUbI, HAOTOLAJICA JIM : ’ P 0 
fae bie Ppaneupl, 7A pasen, M=3190 qun-cm, 6 — amanp- 


PeKT YNPOWHEHHA, . TaMMpoBaHHbii oOpasen, M = 3190 
paTyxanve CBOOOAHBIX KOIeOaHHH MO-  jun-cm, ¢é— HeamambramupoBanubiti 06- 
|PMCTaIOB WHHKa pH HaHecenun pase, M= 1280 qun-cm, e— amam- 
PBOPa O/IeMHOBOH KUCJOTE yBenHyH- T@MMPOBAHHEM  oOpasen. | M — 1280 
cca O4eCHb He3HauNTembHO. Merox ; ae 
HOTOHHOrO 3aKPYYHBaHHA, CBASAHHbIM C CYWIeECTBeEHHBIM BJIHAHHeEM Mpeojo- 
iA JUCOKalMAMM NOBepXHOCTHOTO Oapbepa, OKa3bIBaeTCA HECKOJbKO 4YB- 
CTBHTeJIbHee. OHaKO JIA PTYTHbIX MOKPBI- 
THH, OCOO€HHO Ha NOJMKPUCTaax, OOHapy- 
XKMBAIOTCA OYeHb OowlbwHe 3:PPbeKTbI BO BCeEM 
TeMIepaTyPHOM HHTepBawle NMpOBeeHuA 3KCTe- 
pumenta (oT 20 go 250°). AManbramupoBauH- 
HbI€e MOHOKPHCTAaJIVIbI WHHKAa B HCCJIEOBaHHOM 
MHTepBasle TEMMepaTyp OOHAPYKUBAIOCT NOHH- 
XK€HHE BHYTPeHHEFO TPeHHA MPHMePHO BABOe. 
OQpdhekT pacTeT C YBeHYeHHEM aMIMVJIMTYIbI 
TecbOpMallwH HM HeECKOJIbKO MafaeT MpH BO3- 
pacTaHHH TOJIMMHbI pryTHOH maeHKu. Ilo- 
BHJMMOMY, 3TO CBA3AHO C OOBIMHBIM JIerHpo- 
|3.3anucumocrp wamenenunpayt- BaHHeM, a yMeHbIeHHe scddeKTa c Bospacta- 
ero TpeHHA OT aMnMTyAbKpy- HHEM KOJIHYeECTBA YTYTH OO yCJIOBJINBaeTCa 
3 ( r\. mulacTHpuuHpyounM JelcTBHeM ajcopOuHH 
ita SET A= TJ} nryru Ha BHeIHel moBepXxHOCTH. 
MUHHA PTYTHOM MJIeHKH AA KPH- CoBeplieHHO HHave BelyT ceOA MpH Ha- 
| J es Aus KPHBOHK WeCeHHH PTYTHOH NeHKM MO MKpHCTasMUe- 
eet ckue o6pa3ubl. II[pH mMambix ammiuTyzax o6- 
WY2KHBaeTCA TO 2%Ke ABJIEHHe NOHHKeHHA BHYTpeHHero TpeHusa. IIpu yse- 
HCHHH AMIIMTYIbI 3aTyXaHue CHaYasla HeMHOrO MajlaeT, HO NpH JocTHxKe- 
HeEKOTOPOM rpaHHUHOH aMIWIHTYbI OY€Hb pesKO BospacraerT (puc. 3). Stor 
HCKT HaOsIOaeTCA TOJIbKO MPH HaHeceHHH JOCTaTOUHOFO KOJIMYECTBA PTYTH 
IBEIMUNBAeTCA C YMeHbUIeHHeM PasMepa 3ePHa. P 
a-puc. 4 npelcraBieHa 3aBHCHMOCTb 3aTyYXaHWA KPYTHJIbHBIX KoseOaHHit 


| Ipu Ooubwux amMmniuTylax = = 8-10°5cm™ or pa3mepa 3epHa WIA 06- 


OB, CBOOOJHEIX OT PTYTHOM mmeHKH (MYHKTHPHaA JIMHMA), HK WA pasHbix 
MYecTB PTYTH, NOKpbiBalollel OOpasell. HaOwogaeTcH MMHeHHOe Bospacta- 
(3aTyXaHHA B 3aBHCHMOCTH OT MOBEPXHOCTH 3epeH p, KOTOPaA BbINMC/IAJACb 


opmyvie: 


V o6p*Ssepua 
= 


sepHa 


10* 603 


SaTyxXaHue KPYTHJIbHBIX KOJleOaHHH HeaMaJIbraMHPOBaHHbIX oOpa3iloB 
3aBHCHT OT pa3sMepa 3epHa HM COOTBETCTBYeT 3aTYXaHHIO [WIA MOHOKPHCTAaIJ 
Oro yKa3blBaeT Ha TO, YTO PpaHUl[bl 3epeH B OTCYTCTBHe PTYTH He MPHHHM 
yuacTHA B Mmpolleccax Heympyroro Aepopmuposanus. Ilocie amajibramupoBa 
Heympyrasd fledopMallua B OCHOBHOM JlOKaJIM3yeTCA Ha TrpaHHllax 3epeH, 
KaK PTYTb acopOupyerca Ha rpaHMlax, MoHW2Kad CBOOOAHYIO SHeprHic 
allcopOluad BileyeT 3a COOOM BO3MO2KHOCTh HeyMpyroH AepopMauuu mo rpée 
am 3epen. Ilocmequee BeCbMa BaxKHO JIA BbIACHeEHHA M€XaHH3Ma MOTepH TH] 
HOCTH MeTaJIJIOB B MOBePXHOCTHO-aKTHBHBIX MeTaJIJIMYeCKHX PaciiaBax, 
Tun Cy (°) mpu BbIdcHeHHM mpup 
BOSHHKHOBeHHA BbICOKOTeMIIepaTyp 
XPYMKOCTH MedH, cCoflepxKauleH Ma 
jOOaBKH BUCMYTA, IIpHlel K mpeqc 
JIeHHIO OO afcopOuHH BUCMYyTa IO } 
HuWaM 3epeH. OHaKO BPA JIM MO! 
CBOMUTb MeXaHH3M MOTepH MpouHe 
K TpefcTaBsIeHHio O pacTBOpeHHH 
KPHCTAaJIJIMTHbIX MpOCOeK, TAK KaK ? 
pactaHue Q-+ HaOmoqaeTcA TObKO 
JOCTaTOUHO OOJIbUIMX  Hallps>KeH 
(amnsmutyqax). [lo-BuquMomMy, Mexak: 
paspylWeHHA NOJMKPHCTaJIOB B NOB 
HOCTHO-aKTUBHbIX MeTaJJIM4eCKUX 
laBax aHaJIOTHYeH MeXaHH3My pas 
IN€HHA MOHOKPHCTAaJJIOB U 3aKsIOUa 
B MOHMKeHHH MOBepXHOCTHOTO Hi, 
XKCHHA B 3aPOJ[bIIlIeBbIX MMKPOTpPe 
HaX, BOSHHKA@IOULHX B pe3yJIbTaTe Ck 

0100200 500 WO mm? eunii jacnoKanutt (') Tome 

Y Ke pa3spyleHHa NO rpaHullam 36 

Puc. 4. 3apucuMocTb BHYTpeHHero TpeHua CBA3AHAC TeM, 4TO B MOJIMKPUCTaJ 
rpaHHIbl 3epeH ABJIAIOTCH Handg 
MeHT) OT BeIH4HHbI BHYTPeHHeH MOBepXHO- een are ae este se P< 
CTH O6pa3ilOB AIA pa3HbIX KOJIM¥eCTB Ha- CTpaHeHHIO § AMCOKAIHH H OHO} 
HeceHHoll prytH. Toatlana pryTHerx mae- MCHHO MeCTaMH KOHICHTPpalun aT 
HOK [A KpuBEIx 1, 2 u 3 paBHa cooTBeT- IMOBE€PXHOCTHO-aKTHBHOrO MeTaJVa. ' 
cTBeHHO 5, 2 u 0,0» CielyeT OTMETHTb, TO Ha MeTAaJl. 

AJIX KOTOPbIX PTYTb He ABMIAeTCA C 

HbIM MOBCPXHOCTHO-aKTHBHBIM BeUleCTBOM (KaJIMH, CBUHell), He3aBHCHMC 
KOJIM4eCTBa PTYTH, MOKpbiBaloMleH OOpasell, HaOMOMaeTCA JIMIIb YMeHbUE 
BHYTPeHHerO TPeHHA, COOTBeTCTBYIOULee YIPOUHEHHIO STUX MeTAJIJIOB B ON 
10 MOHOTOHHOMY 3aKPY4MBaHuHI0. 

ABTOpbl BbIpaxkaioT riyOoky!o OwlarofapHocTb akay. I]. A. Pe6unn 
npop. B. WH. Jluxrmany u E. JI. Ulyxuuy 3a o6cyx enue pesymbraToB u 
Hble YKa3aHusn, 


rie 10° 


ty) 
Qt=— (8 — orapudmMuyeckuud expe- 


Mockosckuit rocyapcTBeHublit yHABepcHuTerT Tlocrynnac 
uMe M. B. Jlomonocopa 10 II 195§ 


UMTHPOBAHHAA JIATEPATYPA 
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a B. a ae ra pes res oe y a pe aioe Pp e6 uHunep, AH, 116, 769 (1 

é ? ee ppl. Phys., 20, 949). ia aly Je ii 
+ eats) ) OK aucK uit, Yen. 
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Noxrnags Akagemun nayr CCCP 
1959, Tom 126, Ne 3 


PHSHYECKAA XHMH A 


MW. H. 3AXAPOB u O. A. ECHH 


IJIEKTPOMPOBOAHOCTb H KATOJHAS NOJISPU3ALLUA 
XPOMCOJIEP KALIMX LIJIAKOB 
(ITpedcmaeaeno axademuxom H. II. Bapdureim 20 II 1959) 


BOSMOXKHOCTh OOpasoBaHHA BYXBaJieHTHOrO ‘xpoma (Cr!) B pacnaBJeHHBIX 
BIKAaX, KOHTAKTHPyIOWlMX C XKHAKOM CTaJbio, JoNycKa/lacb PpxAOM aBTOPoB 
}. Ona Oblia nojTBepxfena Hamu (*) mpH onpemeseHuH pacTBopuyMocTu 
RJIOB XPOMa MeTOJOM IJEKTPOABMXxKYIIMX cH. B mureparype He pas (°, °) 
HIKaSbIBAJIOCb MHeEHHeE O CHJIbHOM Ppa3JIMUHH NOABMKHOCTeH JBYX- HW TpeXxBa- 
weHoro (Cr!) xpoma. Tax, Kuptoukuy (°) npumes Kk BErBoxy, uTo Cr!!! no- 
ACT SJIEKTPOMPOBOAHOCTh (x) paciaBoB CaO — SiO,, a Cr!! ee HecKoubKo 
mmaet. K comaseHnto, IpHMeHeHHe rpaduToBplx TurveH, YaCTHYHO BCCCTA- 
MMBarOUlUX OKHCJIbl XpOMa, a TaK2%xe HeTOUHOrTO MeTOJa aMIlepMeTpa 4H 


I 
#PIMe€TPa HE MO3BOJACT CUMTATb STH Pe3yJIbTaTbI Hae>KHbIMH. 


a YBCJIHUHBaIOT x, a TPeXBaJIeHTHO- 
f|-TlOBbIWaloT 7. Ognako mojooupie 60 
flaBbl ABJIAIOTCA TNONynpoBosHuKamu, *w 
MCKTPONPOBOJHOCTh yY HHX Ha NOpsoK e 
M4HHbI Oosbue (*), eM HalifjeHHoe B pa- 
i (°). 

#3 CBASH C H3JIO%KeHHBIM IIpeCcTaBsJAeT 
Hpec ucculeqoBaTb BAuAHMe Cr! yw Cri! 
MpOBOJMMOCTb HU IpefeJIbHbIe TOKH 
JaBJICHHDIX WakoB. Jia usMepeHna 
P3%KeJIC3HCTHIX WJIAKOB HaMH IIpHMe- 
Cb BOJIbcppaMoBble HJM WaTHHOBbIe , 
TpOJ[bl HW MOCT TMepemeHHOroO ToKa (8). (00° ——«1350 
| aaa ae arcane eee ales Puc. 1. SaBucumocTb yebHOl 21eKTpO- 
OTHBJICHHAC MArHESHTOBOH USONALHEH Fo oponnoctH XpoMMCTLIX UWvIaKOB OT HX 
epatena. Ulnaku, cofeprauine 40—  remnepatypsi um coctapa: Kpusbie 4, 7, 
CaO, 45—30% SiO,, 8% Al,Os, 84 11 ana 0% CreOs; 3, 6, {9 u 12 


O u qo6aBKu OKHCHOB xpoma, mo- Ama 5% CraOs; J, 2, 5, JO u Id Ana 
pa 208 aan Uk: 10%! CroOs 


{ 
| 
i 


i} B KOPYHM30BbIM THreJb, rye 
HO IIPHCYTCTBOBaJI %KHAKMH CiaB 
ec 10% Cr. Tlocnenuuii, vacruuHO BoccTanaBsuBad Cr,O3, oOecneunBaJ 
rytcTBue Cr! p pacnuapax. 

ak BUHO u3 puc. 1, aneKTpoNpoBogHocTh waka c 40% CaO ng Jo- 
fou 10% Cr,O3 3ameTHO Bble B UpucyrcrBun Cr!! (kpuBaa 2), yemM B ero 
witctBue (KpuBaa 1). C ppyrof cTOpOHB!, yMeHblueHHe CyMMapHOM KOHIeHT- 
1 OKUCJIOB XpoMa B TOM xe pacriaBe c 10% Cr,O, (KpuBaa 2)' Zo 
KCr,O3; (KpuBaa 3) u AO HYyJa (KpuBan 4) BezeT K YBeJIMYCHHIO x. Auasio- 
ad KapTHHa HaOwlojaetca u Jia Waka c 45% CaO (KpuBpie 5, 6 u 7 
BeTcTBeHHO Jia 10; 5 u 0% Cr.Os). 


1400 4450 500° 


{ 


¥ 
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Takum o6pa30M, yesbHaa 9uleKTpoMpoBosHOcTb pacnaBos CaO — MgC 
Al,O,;— SiO, cumbHO cCHMKaeTCA pH pacTBOpeHHH B HUX TpeXBaJeHT 
ro XpOMa H MaJiO W3MenAeTCH B UpHcCyTCTBHH HeOOJIbINMX RO sHNeCT @ 
Tak Kak MOHHbI paguyc y Cr®* (0,63 A) menpure, uem y Cr°* (0,82 A), 
3Heprua paspblxyieHHa y NepBoro HMxKe, YeM y BTOpOrO, HM CJleQOBAaJO 
OXKHAaTb OOpaTHOrO BIIHAHHA STHX MOHOB Ha MPOBOAMMOCTb Llaka. Hao. 
ylaeMad 3aKOHOMepHOcTb OG6ycIOBJIeHa, M0-BUAuMOMy, OoubIe MmpouHoc: 
WH TOMeonousapHocTHio cBA3u Cri! ¢ pacnuiaBom. JlelicTBuTembHO, pacueT H, 
Holt ou (x) no [layauury (°) qaer x = 0,82 nua Cr’* nx = 0,65 ana G 

B cBaA3H C BbICOKOM 3JeKTPOMPOBOAHOCTHIO %KeJIeSHCTHIX IIIaKOB H3Mepei 
B HHX MpOBOJMIMCb MOTeHILMOMeTpHyuecKHM MeTozoM (1°). M3 yerpipex 2KeC 
3AaKPeIJIeCHHbIX BOsIb(ppaMOBbIX |(HJH TJlaTHHOBbIX) SJIEKTPpOAOB Ba Kpal 
CJIYKHJIH TOKONOABOLaMH, a Cpez 
IIPHKIIOUaIHCb K MOTeHI[HOMeT 
SAuelika rpayqyupoBaslacb 0 *Kedid 
cusluKaTHomy paciuiaBsy (NVreo = 6 
u Nsio, =0,33), aIEKTpOMpOBOTHC 
KOTOpOro cocTaBuasa 3,3—40m 1¢ 
lip Temnepatypax 1400 —1450° C 
MccueqoBaHHble WWIaKH BbIll Jak 
JMCb B THIIAX H3 apMKO-2xKesIed 
cofepxamH 91% (FeO -+ Fe,| 
3% SiO, 3% CaO, 3% MgO. ]| 
BHAHO 43 puc. 1, 3HaueHHe x pac 
BMecTe C CoqepxKaHHeMm Cr.Osg (EF! 
Buble 6,9 u JO, oTBeuaroulwe oll 
Puc. 2. Karoquat nomapusalua Ha TBepqoM kam 0; 5 u 10% Cr,O3). Tax 4 

BosbtbpaMoBom KaToye mpu 1450° paciiiapieHHaa FeO spasnetca 
pOuHBIM ToOsmynpoBosHuKom (7, 144 

TO MOBBILIeCHHE  9JIEKTPOIpoBo} 

CTH B HallHX lllaKkaX CBA3QHO, N0-BHMMOMY, C YBeJIMUeHHeM KOHIeHTpat 
BaKaHCHH. OxepreTuyecKHe YypoBHA Iporeccop Fe2+-—>Fe%* y Fe?* 4 
He CJIMUIKOM OTJIMYaIOTCH Apyr OT gpyra, wu pocr cymmMpl (Fe.C 
+Cr,03, %) MOBbILIaeT BepOATHOCTS SJIEKTPOHHBIX NepeXOJOB. 

JANA BbIACHCHHA BJIMAHHA OKUCIOB XpoMa Ha HOHHY!O MpoBofumocTh 
JIC3HCTHIX WWaKOB ObIIM MpOBeeHbI M3MepeHud c pactimaBom 65% Fel 
35% SiO,, B KOTOpoM 4NcMO MepeHoca uona Fe?* 6u3Ko K equHuue i 
Pacnosoxenue KpuBix 1/1, 12 4 13, orpeyaiounx Jo6anKam 0; 5 u 10% Cri 
ykasblBaeT Ha MaeHWe SeKTPOMPOBOAHOCTH Cc pocTOM cojepxKaHua oKHY 
xpoma. Kak uM B Oe3?KeJIe3HCTbIX LIaKax, 3TO OObACHAeTCA ycusieHvem nm |} 
HOCTH H TOMCONOJAPHOCTH CBASH TpeXBaJIeHTHOTO XpoMa c pacmiaBom. | 

UroObl MOATBepAMTb CHJIbHOe pa3siMuve B TO,BMKHOCTAX MOHOB Cr} 
Cr?* HesaBHcHMbIM cnoco6oM, M3yyaslach KaToqHaA nOvJApusatua (7) B Ge} 


7% MgO u 1% Cr.O3, npeazctaBmeHbi KpuHBbIMM J vu 2 Ha pue. 2. Mel 
yuacTKH STHX KPUBBIX, MO-BAJMMOMY, OTBeYaIOT Mpoweccy nepesapaqKu: # 


Cré* + @ = Cr?*, 


B mousy STOro rOBOpHT MpHMeHHMOCTS K HUM (cM. KpuByio 3) mpocrefire 
YpaBHeHUA KOHIeCHTpalMOHHOH Nossapusannn: 
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pou Koappunuerte n=1. Hanpotus, Ama Broppix yyacTKoB (pamaa 4) 
i> 2, WM MM COOTBeTCTBYeT KAaTOJHOe OCaxKeHHe ABYyXBasleHTHOTO xpoma: 


Cr?* + Qe = Cr. (B) 


paBHUBad MpeesbHble TOKH Mpolleccos (a) nu (6), paBHbIe COOTBETCTBeEHHO 


bb — 20 u 125—130 ma/cm’, BuguM, uTO Koappuunent Auddy3un HOHOB 
(r2*, pumMepHo B 6 pas 6oub- 
me, weM y wMoHos Cr**. Anauo- 
IMUHBIC PesybTaTHI OblIM Nosy- 
PHIMpH H3yyeHHH NonaApHsalun 
pH TWepesapsyKe UU ocaxkleHuu 
ppH08 Fe®* vw Fe?* 3 pacnuapsex- 
Hix mugakax (15, 1%), To xe or- 
OCHTCA HW K KaTOAHOMY ocaxJe- 
i 10 Si**. Takum o6pa30m, MuHoro- * 
(APAHbIC MOHBI, Hampumep Fe?*, 

ee Si*, oOslaqaioulue G6ovee 
pPounOHt uM Oojee romMeonossap- 
JOH CBASbIO C IWaKOM, Mepeme- 
f.alIOTCA B HEM 3aMeTHO MeJVIeHHee 


| B Tom cayuae, Korga KaTOZOM 
W2KHI KAIKH coaB Mequ Cc Puc. 3. Katoquasa HOAAPHS ALAA Ha 2KHAKOM Meq- 
ee Srtreeniii nuac a init HOM KaToge c 2% Cr mpu 1450 
? p IlHO p 

ad B TOM xe Uwiake (puc. 3, 2) uMeeT JHUIb OfHY BeTBb. Ee mpe- 
SbHDIH TOK (160 ma/cm?) Omm30K K cyMMe HaGlI0faeMbIX Ha O6eHX 
bTBAX (20 mMa/cm? + 130 ma/cm? = 150 ma/cm?) kpupBol puc. 2. [pu nonmxe- 
MM OCHOBHOCTH UaKa (KpuBble J, 2 u 3 oTBeuatoT 55; 50; 45% CaO) nperens- 
HbIM TOK Bo3pactaerT oT 80 jo 160 ma/cm? u fo 250 ma/cm?, no-BuHMoMy, BCJel- 
TBHeE YMeHbIIeHHA BA3KOCTH deKTpomHTa. Bce KpHBble pvc. 3 NOLYHHAIOTCA 
ipaBHeHuto (6) mpu Kosddbulueute n, OM3KOM K Tpem (cM. Upsmyio 4). Oue- 
HHO, OlaroflapaA OobWoH TenomApH3allMM Mp pacTBOpeHHH XpoMa B Med 


jpouecct (a), (B) u (r) 


Cr3+ + 3e =Cr (r) 


| 9THX yCJIOBMAX He yylaerca OTJeNnuTb [pyr oT Apyra. 
| TakuM o6pa30M, H3MepeHHA 93JIEKTPOMPOBOHOCTH HM MpeeJIbHbIX TOKOB 
OTBeEpKLaloT pahee BbICKa3aHHble MpeAMOORKeHHA O 3aMETHO MeHbIlleH MOJ- 


i MKHOCTH] HOHOB TPeXBaJICEHTHOrO XPOMa TO CpaBHeHHiIO C JBYXBaJICHTHbIM, 


VYacruryT metaisyprun Ypanpcexoro uuana Tlocrynaso 
Akayzemuu Hayk CCCP 19 IJ 1959 
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Joxxagn Axagemun nayxr CCCP 
1959. Tom 126, Ne 3 


PH3HYECKAA XHMH} 


r. M. MAHYEHKOB u B. A. BAPAHOB 
KWMHETHKA TEPMHYECKOFO KPEKHHrA YIJIEBOXOPO/OB 


(IIpedcmaeaeno axademuxom A. B. Tonauesoim 19 II 1959) 


J\ia HaxoxJeHuA ypaBHeHHA KHHETHKM peaKIMM TepMHYeCKOrO KpeKHMHL 
MOKHO UCXOJMTb WH W3 3HAHHA KOHKPeETHOTO MeXaHH3Ma STOM peaklHH, T. — 
3HAHHA BCeX SJIEMCHTAPHbIX PpeaKUMH, H3 KOTOPbIX CKJafbIBaeTCA BeCb Mpoer 
B I[@IOM, WIM M3 HeKOTOPbIX OOWIMX KaYeCTBEHHbIX COOOpaxKeHHH, Corlacy# 
ulMxca c onbitom. [lepspili nyTb WpakTH4YeCKH HEBOSMOXKeH, TaK Kak, 3a MCKIE) 
YeHHEM HEKOTOPbIX peak B PaspeXKCHHbIX WlaMeHax, JleTa/IbHbIM MexaHi 
MOfaBsIAOWero SOMbIUMHCTBA XHMHYeCKHX peakUMH HaM HeHsBecTeH. IlosTo 
peasIbHbIM ABJIAeTCA TOJIbKO BTOPOH MyTb. 

Peakuuio TepMuyecKorO KPeKHHTa, eCJIM O KHHETHKe CYT’ MO OOUleN 
IIpeBPallleHHIO HCXOMHOTO BeLeCTBa, MOXKHO 3aMMCaTb B BHe 


A—v,Ay + voAs +... + vnAny 


roe A —ucxofHoe BelleCTBO, KOTOPOe MO*KeT ObITb H CMECHIO YIVIeBOOPOO: 
A; —MpofykTbl peakituu; v; —cTexMomMerpnyueckue Koopduuneutsl. Moke 
CUHTAaTb, YTO HaHOoslee MeMWICHHOH cTayMeH peak KPeKMHa ABMAeTCA peak 
WMA B3aHMOJeHCTBUA palMKaJlOB, HMeIOWMX HeOOJIbILyIO MaCCy, BO3HHKAaIOLIy| 
B polecce peakituH M3 HCXOJHbIX BeleCTB C HCXOMHbBIMA MOJIeKyJIaMH, T. 


re Wy, —ckopocTb peakituH KpekuHTa; R — KOHCTaHTa CKOPOCTH peaKkIlH 
[R], [A] —konuentpanua paquKasoB U HCXOJHOFO BelllecTBa, COOTBETCTBEHHG 
Ho BO3MOXHO, YTO CKOPOCTb peakUMH KPeKMHTa yrveBOLOpOOB ompesesercs 
CKOpocTbio JBYX MpolleccoB —mpollecca paciaya WMCXOHbIX MOJI€KyJ. Ha CBI 
OoAHbIe pawuKaJIbl H Mpolecca B3aNMOeHCTBUA paluKaJIOB C HCXOMHbIMH MOJI 
KYyJlaMH, T. e. 


V,= ky [A] + ke [R] [A]. (4 


M3 ypapuenni (1) u (2) BbirekaeT, 4TO IA ONpedeseHuA CKOpOCTH peakit 
KpeKHHra HeEOOXOJMMO 3HaTb KOHUECHTPalluio pasuKasos. Ja sToro HeOOxosuM 
YCTAHOBUTb Te MIpOMecchl, B pe3yJIbTaTe KOTOPbIX BOSHUKAIOT HU PHOHYT paduKasE 
B oOulem carydae payuKasbl MOFyT BOSHHKATb Kak 3a C4UeT OMMOJEKYJIAPHbIX CTO 
KHOBCHHH UCXOMHBIX MOJIeKYJI, TAK H 3a CUeT MOHOMOJICKYJIAPHOrO pacnana ul 
XOMHbIX MOJI€KYJI H3-3a KOHICHTpallun 9HEprHH Ha oNpekeseHHOH cBa3su. Pi} 
WuKasbI Oy LyT PHOHYTb 3a CueT PeaKIMH B3AMMOJeHCTBUA UX C MOJIEKYJaMH HCXO,| 
HOrO BelllecTBa MH 3a CueT pekomOuHauUN. Ileppaax peakUMA TomKHa MpHBOLH)| 
K BOSHHKHOBeHHI0 Pas KaJIOB C OOJIbILIMM MOJICKYJ1A PHBIM BECOM, KOTOPbIe IpeBp: 
WlaloTCA B KOHEYHbIe MPOAYKThI (HAMpHMep, B H30a/1KaHbI WIM aJIKeHbI B Clyyal 
CCIM HCXOJHbIC MOJICKYJIbI ABJIAIOTCA aIKaHaMu). Bropok npotecc Maso Bepoare 
43-34 OOJIbUIOH KOHMeHTpaluH MCXOMHBIX BeulecTB. [lostomy cKopocTs peakIy| 
oOpa30BaHua payuKaslop Oyyer i 


W. = kg [A]? + k, [A] — ky [A] [RI]. () 

IIpumenusB K STOMYy Ipolleccy NpMHUAN craluMoHapHocTu, HaxosuUM | 
_ *ks! ky ; 

(R] = A] ae ha’ (: 


B TpeTbem claraemMoM BbipaxkeHun (3) MoxHO yuecTb HM Mpolecc pereHepay, 
PpaqukaJOB B pesyJIbTaTe peak UX C HCXOJHBIMM MOJIeKyJlaMu,IpH 3TOM | 
He OyfeT paBuo k usm kez, a Oyler MpesctaBATb Co6ol pasHOCTb KOHCTaHT Ck 
poctel rHOem pajuKanos k, uv perenepaltuu pagquKaon ks. Ecnu peakuua o 
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|}SOBaHUA pasuKaJIOB 3a CueT OHMOJIEKYJIAPHBIX CTOJIKHOBCHHH HCXOJHbIX Mose- 
a He HrpaeT CYUleCTBeEHHOH POM, TO H3 BbIPpakeHua (3) c uCnOub30BaHHem 
UHUUMAa CralMonapHoctu nowyaum [R] = k,/ka, a Wa cayyan, Kora MoxKHO 


X eHeOpeyb peakUMell MOHOMOJICKYAPHOTO pactaya HCXOAHBIX MovleKyn Ha 
Rk 

JMKaJbl, NOYYuM, 4TO [RI] = IAl. Tlogcrapiaa (4) B BbIpaxenue (1) 
4 


imu (2), nomyuun: 


| W. = {1+ [AD LAL, (5) 
He B culyuae MoscTaHoBKH (4) B (1) k’= kk,/ka; k's =Rs/ky, aBCHyYae Moscta- 
mBKH (4) B BbIpaxenue (2) k’ = keky/ka; k's = koka/(kiRa + Roky). 

PelliMTb BOMIpoc, KaKOMy M3 ypaBHenuli —(1) uu (2) Hago oTsaTb mpemnoure- 
#€, MOXKHO OYeT TOKO Tlocule TOrO, KaK JleTabHO 6yeT U3y4eH MexXaHH3M 
pMuyeckoro KpekHura. JA pelieHuaA MpakTMyecKHX 3ajayu BHOsMHe JocTaTOU- 


> ypaBuenna (5). M3 Bprpaxenuit (5) u [R] = &,/ka Buguo, uTo ecu B OOpa3o- 
WHY =pafMKaJIOB OMMOJeKYJIAPHble CTOJIKHOBCHHA UCXOMHBIX MOJIeKYJ He 
} pator CylecTBeHHOM pou, TO ypaBHeHHe (5) mepexoquT B ypaBHeHHe peakilMn 
jro MOpsAgKa. Sto Moxer ObiTb, CCH KPeCKHHT MpoTeKaeT MPH MaJIbIX aBJeHU- 
ik. Ecau 2Ke B OOpa3s0BaHHH padMKaJIOB HECYIIecTBeHeH Mpollecc pacmafa uc- 
DIHBIX MOJICKYJI Ha CBOOOMHBIe payuKaslbl, TO TepMuYeCKHUH KpeKUHT OyeT 
IDOTeEKATb KaK OUMOJICKYJIAPHbI Mpotlecc. C TAKUM NMOsO2*KeHHeM, MBI, MO-BUH- 
|oMy, JOJI2KHbI CTOJIKHYTbCA pH HeBbICOKHX TeMMepaTypax. 

B ciyuae, ect TepMHUeCKHH KPeKHMHY OCYLMLeCTBIAeTCA B MOTOKe, CyIlecT- 
‘HHO OTMETHTD, UTO Ha pakTHKe 9Ta peakUMA BCer la OCYMIECTBIACTCA B MOTOKC, 
DaBHeHve CKOPOCTH ee C yueTOM ypaBHeHua (5) cormacHo pa6ote (+) 3amnmerca 
‘Bue 


d 1 y 
Mo sat = B {1 + hsCa} Ca. (6) 


| Ecam TepmMvueckufi KpeKHHT mpoTekaeT B ra30BoH (base NpH HeOOUbIIMX 
ABJICHHAX, TO MOXKHO CUHTATb, YTO K PearHpPYIOUIHM BellecTBaM MH MpOoAyKTamM 


= 4—x)P 

pres, Meee 7) 
Fakhir Be) RT | “) 
le X — KOJIMY4eCTBO pa3OKUBWEerocA BenlecTBa A Ha JJaHHOM paCCTOAHHH OT 
i eo 

auasla peaKIMOHHOHt 30HbI; B =v, + v,-+...—1; P—oOmee aBuenne; 


— YHMBepcasIbHad ra30Bai NocTOAHHaa u 7 —Temmepatypa. B ciyuae Kpe- 

WHTa TO, BHICOKHM aBJICEHHeM HeEOOXOAMMO YUHTHIBATb OTKJIOHEHHe Ta30B OT 

[eaJIbHOCTH. 

Tloncrapaaa (7) B (6), pa3sqeuaa MepeMeHHble WH WHTerpupya, NOyIHM 
BPV 


A 
Ny X = — no In (1 — x) — Fea » (8) 


fe OB, poh By p Me) OBE goers We 


m n m(m-+ n)’ 
1= BRT —k,'P; Vp — 06bemM peakt\MoHHoro mpocrpanctsa. IIpu stom mpu- 


i 
MaeTCa BO BHuMaHuHe, UTO In(m+nx)—In m-+ a Y papuenne (8) B KOOp- 
(HHATHBIX OCAX MX WH —noln(1—.x) faeT Upamylo JimHMIO, TaHreHc yrua 
RKJIOWa KOTOPOH paBeH — , a OTpe3OK, OTCeEKACMBIM MpAMOM Ha OCH OpyMHarT, 


yaer papen k’PV,/BR®7?. OOe 9TH BeHYUHbI 3aBHCAT Kak OT JlaBJeHus, 
AK H OT TemllepaTypbl. 

| Ilpu Kpeknure HecbrempofyKTOB BbIXO GeH3HHOBOM :paklHH OObMHO Mpo- 
LMT TIpH OMpeweeHHOM CKOPOCTH Mosayu CbIPbA Yepe3 MAKCHMYM, MO9TOMY, 
rporo roBops, peaki{u1o TepMuYecKOrO KpeKHHla CileyeT pacCMaTPHBaTb Kak 
OCMeOBATeIbHYIO peakUMIO Bula 


se —- v,A, -- VoAs -- Veg ce vgAy -- vsAg (II) 
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Ilpu stom Bce NpoxyKTHI PopMaJIbHO pacCMaTPUBAIOTCA Kak HHIMBULY abe, 
C MOJICKYJIAPHbIM BECOM, PaBHbIM Cp€MHEMY MOJIeKYJIAPHOMY BeCy COOTBETCTBYH 
mux pakuni. B ypasnenun (II) A —ucxoguoe BetjectBo, Ay, Az, As —c; 
OTBETCTBEHHO Fa3, «KOKC» HW 6eH3HH. Bropas cTaquaA peak eCTb peaKIMA pa} 
lala 6eH3uHa Jo ra3a H «KOKCa», T. €. JO TePMOAMHaMUYeCKH HanOowlee ycTO} 
YUMBbIX MpPOLYKTOB | 

Pacuer Takoro THMa peakWMit MpefcTaBAeT SHAUHTEIbHbIe TPYAHOCTH, Té/ 
KaK JleTaJIbHbIli MeXaHH3M TepMHYeCKOrO KpeKuHTa HensBecTeH. MoxHO AyMaT 
YTO CBOOOJHIe paluKaJbl, Beye Mpolecc KpeKHHTa, OOpasyloTcA Kak U3 Hi} 
XOJHBIX MOJIeKyuJI BelljectBa A, Tak H H3 MOJIeKyJI, BXOJALMX B OCHSHHOBY1O (Ppa | 
muro. Tako No<Xxo], MpUBOAUT K OYeHb cORHOMY WuddepeHiMasIbHOMy ypaBH) 
HM10, KOTOPOe MOXKHO pelllaTh TOAbKO MPpHMCHAA BbIYMCIMTeIbHbIe MaLIMH)} 

MoxHO UCXOMMTb H U3 Oouee rpyObIx, HO 3aTO MpOCTbIX MpesNoNo*KeHH | 
H3BecTHO, YTO 4eM BbIIIe MOJIEKYJIAPHbIM Bec yrvieBofopofa, TeM MeHee yCTO} 
UMB OH B peak TepMuyeckoro KpekuuHTa. IlosTOMy MOxKHO AyMaTb, UTO ra} 
HbIM HOCTaBLIMKOM CBOOOHBIX paMKasloB OyyT HCXOMHbIe MOeKYJIbI 4| 
Oru pakukanb OylyT pearupoBaTb KaK C HMCXOJHBIMH MoseKysiamu A, Tak H| 
MOsIeKYJIaMH MIpoMexkyTouHoro BeulectBa As. CunTat, TO CKOPOCTb KPeKHH} 
onpeeiaetca ypaBHeHvem (1), Qa CKOpocTH TepMHYecKOrO KpeKHHTa MCXO} 
HbIX MOJI€KYJI MOXKHO HallvcaTb ypaBHeHHe 


W, =k, [AN IRIS ( 


IIA CKOPOCTH TepMuYeCcKOrO KpeKHHTa MpoMexyTOUHOrO MpoxyKTa (6eH3HH) 


W, = ks [As] [RI], (1 
a [JIA CKOPOCTH oOpasoBaHHa CBOOOJHbIX pawqukaJIOB 
Ws = ke [AP + ka [A] — ks [A] IRI, (1s 


IIpHUeM KOHCTaHTLI STHX YypaBHeHMil OTNMYaIOTCA OT Mpembiyuux, xora | 
HMCIOT OJ[MHAKOBbIC HHIeCKCHI. 

B calyyae ocyulecTBJIeHHA peaKIMH B MOTOKe ypaBHeHua (9) u (10), c 
racHo ('), mocje nmogctaHopKku (11) 3anuuryTca B Buse 


dx 


"0 dl — RG (1 + R,'Ca); (1 
d . ; | 
Mo se cal = B’Ca, (1 + he'Ca,). (1. 


Tlanbuehumi xoj pelieHuaA anajloruueH xojy pellieHua, DaHHoro B (2) WW 
NOCMENOBATeIbHbIX PeaKIWMH, H MO3SBOMAeT NOYYHTh YpaBHeHHe, ONpeses Aro 
BbIXO| MPpOMeXYTOUHOLO BeulecTBa (As), B 3ABHCHMOCTH OT ri yOUHbI MpespallleHr 
HCXOMHOrO BelllecTBa 


y = vex $I — 2) = Xk] (1 


rye K — oTHoWweHve KOHCTaHT CKopocteit 2-ii u 1-H craquit peakunu. Meror # 
xovwkeHua K uspectex (1). Mogcrapisasa (14) B (12) u nHTerpupys nonyuatoumee! 
ypaBHeHe C HEKOTOPbIMM YMPOMMLalollMMM NMpelnoNowKeHHAMU, Mosyyaem BbIp 
2%KeHHe, POPMaJIbHO Noxoxee Ha (8) (pasmMuNe OyeT CBOAUTECA K CbU3HUeCKOR 
CMBICJLY KOHCTAHT). 

SHaad sHayenve Rk’ u Benuuuny K, erKo paccuNTaTb KOHCTaHTy CKOpoc 
2-H cTaqMM peakitvu KpekuuHra. YpaBHeHUA, PopMasbHO MOxoxKNe Ha ypaBE 
Hua (12) uw (13), MoxkHO Nomy4nTb, ecM ucxoquTs pA 1-H uw 2-H cranuii 
ypaBHeHuA Tuna (2). | 

Ilpu usyyenuu KMHeTHKH KpeKHHTa HeTempolykTOB Hamu OOHapyxeHO, 4 
B KOOPAMHAaTax Nyx HM —n,|n(1 —x) B 6ObUIMHCTBe U3YYeCHHBIX CIy4aeB Hak 
IIpAMbIX MeHAeTCH C TeMnepaTypoH HM aBseHvem. IIpu crporom noqunHeH! 


tp ecak IH Te€PMHYeCKOrO KpeKHHra YpaBHeHHIO TepBOro NOpxAyKa Takoro ABJe- 


(Hs HE JOM2KHO OblIO Obl HaGMOLaTECH. OcobeHHO pe3Koe H3MeHeEHHe HaksOHa 
IPAMBIX XapakTepHO Aa TemMepaTyp, mpeBbluarowux 570—580° (npu arTmo- 


,0 3 . ae ] 
08 7 ie 2 

§0}45 = 

50 aA 


N 
2 30 
8 
© 
20 
10 
0 
DO OO IOS C0. araU tn al, 
J - . 2 
-10 Ay WD) Ido ae 
Puc. 1. a — KHHeTHKa TepMHYeCKOrO KpeKHHTa (bpaKUHA BbIKUNa- 


roule B Ipezemax 320—450°C pomauiKkuHcKol Hedtu: 1 — 510°C, 
2 — 540°C, 3 — 570°C; 6 — 3asucumocts A/B or 1/T 


dbepHoM JaBnenun). IIpu Temnepatypax, JlexKaljux HHxKe 570°, 3TO aABeHHe Mpo- 
ABIACTCA MeHee APKO. OTH ChakTbl HAXOAATCA B COOTBETCTBHU C BBbIBeJCHHbIM 
iBbIIlIe YpaBHeHHeM KHHeETHKM TepMHMYeCKOFO KpeKHHTa. 

 UacTHbIM cay4aeM, HJJOCTPHPYIOWMM CKa3aHHOe Bille, CAyKAaT pesyuJb- 
iTaTbl, MOMYYeHHbIe HaMH IIpH TepMHYeCKOM KpeKHHTe (bpakUMH PoOMaIUKHHCKON 
He@TH, BbIKHMarolleli B Mpesemax 320—450°. OnpiTn! NpoBosuucbh B MOTOUHBIX 
lycIOBHAX. OnucaHHe ycTaHOBKH H MeTOJMKa MpOBeJeHHA ONBITOB JaHbl B pa- 
Gore (7). OnbiTbl MpoBoAMIHCh NpH TemnepaTypax 510; 540 u 570° u armocdep- 
|HOM JlapneHuu. [lomyyeHHble pe3ysbTaTb! OOpaOoTaHbl NO ypaBHeHuto (8). Kak 
BHHO U3 pc. 1, OMbITHIe TOUKH XOPOLO MOmKAaTCA Ha MpAMble, pacCuMTaHHble 
10 MeTORy HaMMeHblwwMx KBaypaToB. HaksoH MpAMbIX yMeHbUlaeTCA Cc Bo3spa- 
\cTaHveM TeMilepaTypbl ombita. Orpe3sKu, OTCeKaeMbIe IPAMBIMH Ha OCH OPAMHAT, 
aioT BeMUMHI KaxKyUIMXca KOHCTaHT CKopocTu. Mcnoubsya Nowlyuenuble 3Ha- 


|HalieHa SHepruaA aKkTHBalluH TepMMYecKOrO KpeKUHTa UCceLyemoH (pakuMn, 
|paBpHad 55 KKaw/MoJb. 

|  Awanu3 yriosoro Kostpuunenta ypaBHeHua (8) NoKasbiBaeT, TO BeMUMHA 
_A cylllecTBeHHO 3aBMCHT OT TeMnepaTypbI, B TO BpeMaA Kak B 3aBucuT OT TeM- 
MepaTypbI B MasloH cTeneHuH. Torga pH NoAYHHeHHM peakUMM TepmuyecKoro 
\KpekuHra (pakwun 320 —450° pomallikMHCKOH HepTH ypaBHeHHio (8) MbI JOJKHBI 
|IOyaHTb B KOopquHaTax A/B = ¢ (1/7) mpamyto, BbIXOAAlyIo M3 Havana 
|KoopqunaT. Kak BuyHO u3 rpaduKa, MOMelleHHOTO B JeBOM BepXHeM yTJly 
puc. 1, aHHoe MmpefnosowKenHe OMpaBAbIBaeTca. 

MockoscKwit HHCTHTYT HepTexHMHyeCcKOH Tloctynuso 


MH Ta30BOH MpOMbILIWIeHHOCTH 18 II 1959 
um. WU. M. Ty6xuna 
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Jloxxayo AKageMun Hayk CCGP 
1959. Tom 126, Ne 3 


PH3HTECKAA XHMHA 


B. K. MOTAMOB, B. f. BACHJIBEB u H. H. TYHHUKHH 


VOHH3ALNA HW WJMCCOWMAWHA MOJIEKYJI n-OKTAHA! HW x-HOHAHA | 
MOHOSHEPIETHUECKHMH JJIEKTPOHAMHM 


(ITpedcmaeaeno axademuxom C. C. Medeedeesim 27 II 1959) 


HemuorouncuieHHble HCCueOBaHHA NOTeHWMaIOB NOABJICHHA H HOHH3ALHOH- | 
HbIX KPHBBIX C MOMOLIbIO MOHOKMHETHYeCKHX SeKTPOHOB (1~*) orpaHHUHBaJHCb 
rlaBHbIM OOpas0M H3yYeHHeM MOJleKyJIApHbIX HoHOB. B. JI. Tanbpo3se u 
E. JI. OpankepuyeM JaHHbIli MeTO Obl NpHMeHeH JIA ONpeseNeHHA CposcTBa | 
K IIPpOTOHY HeKOTOpbIX MosleKys (‘). 

B HacToatlel paOorte c WeulbIO BbIACHeEHHA BONpoca O Npolleccax OO6pa3s0BaHHA | 
OCKOJIOUHBIX HOHOB H BO3OyKCHHA MOMeKYAAPHOTO HOHA [Ip 3JIEKTPOHHOM | 
ylape C MOMOLMLbIO MOHOKHHETHYECKMX SJIEKTPOHOB HCCJeLOBaHbl KPHBbIe MOAB- 4 
JIGHHA OCKOJIOUHBIX H MOJICKYJIAPHbIX MOHOB H-OKTaHa, H-OKTaHa-2D, HW H-HO- | 
HaHa-OC!® (cutest (5,°)). 

[3mMepeHHaA NpPOBOAMJINCh Ha ClellMasIbHO CKOHCTPpyHpOBaHHoM [macc-creK- 4 
Tpometpe. B 2aHHOM pHOope OblWia OCyMIeCTBJIGHAa MOHOKMHETH3alMA Q/IeKTPO- ) 
HOB B HCTOUHHKe HOHOB NO MeToly Moxca (°). JA u3MepeHHA MaJIbIX HOHHBIX | 
TOKOB nopsyKa 1071? a Obl MpHMeHeH BTOPHUHO-3/IEKTPOHHbI YMHOXKHTEeUb. | 

PexuM paOOTbl HCTOWHHKA MOHOB Obl CyeAYIOULHM: TepeMeHHoe Halipa- | 
*%KeHHe HakaJla KaToga 1,50 B; 3amep2KHBalollee SJIeKTPOHbI Halipsxenue 0,50 B; | 
riyOHHa MOJLyJIANHU aIeKTpOHOB 12% pu pas6poce ux no 3sHepruaM 0,1 9B; | 
yacTOTa HMNYJIbCOB BbITATHBaHHA UM 3anupaHHa 100 xru. | 

Ukaa sHepru auleKTpOHOB KaHOpoBalacb 110 MOTeHI\Maly MOABJIeHHA | 
Xe", Jlapsienue H-OKTaHa B MCTOWHHKe HOHOB Oplio 1076 MM pr. cT., B aHasiH3a- | 
Tope 3-107? MM pT. CT. 10 NOKa3aHHAM MOHH3a\MOHHOrO MaHOMeTpa. 


Ta6Oauua ft 
TloTeHuHasbl NOABMCHUA HOHOB H-OKTaHa 


at | Aon, | Don [42981 oe | Aon, 9 | Ae Base 
3B 

H-CyH,, 10,3 ate 10,26 (?) CoH}, 10,6 

CoH 10,6 0,3 ah CsH}, 40,7 

CsH,, 10,8 0,5 mie C,H, 10,85 10,6 

nee 11,0 ee) : 10 

at=9 ’ ) 44.1 CsH, 10,8 st 

CsH? 41,15 0,8 : CoH} 11,7 11,5 

CoH 12,5 2025 


B raon. | u 2 npupeyenbt noTeHMabl oABeHuA MOJI€KYJIAPHOrO HOHa 


: + + | 
H OCKOJIOUHBIX {HOHOB Tuma Cron, WH Cao, 43  H-OKTaHa, H-OKTaHa-2D,, ‘ 
HM H-HOHaHa-oC", nouvlyueHHbIe Ha JaHHOM MaCC-CIeKTpomertpe. 
+ 
[lorenivaI NosBJIeHHA MOJeKyAApHOrO MOHa H-CyHyg pape 10,3 98 u xc-! 
Pollo corsacyeTcH C PacCUHTaHHBIM 3HayeHHeM 10,26 9B(’). Kpmupaa nospue- 
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|/HMI Mona HG. WMeeT HeJIMHCHHbIM HavaJIbHbId yuactok mo 11,6 9B. 
iIpa sHepruax sekTponop 12,5 u 14,7 9B HaOmomatoTca nepernOn. Oru 
OCOOCHHOCTH KPHBOH TOABJICHHA, BO3MO2XKHO, OTBeYaIOT pa3HUHbIM BO3OyxK- 
)JJEHHBIM COCTOAHHAM MOJI€KYJINpHOrO HOHa H-OKTaHAa. 


+ 
OckomouHbIe MoOHbI THA C,rHo,4, IPH 3ICKTPOHHOM ygape MoryT oOpa- 
}30BbIBATbCA H3 MOJICKYJI HOPMAJIbHBIX TapatpPHHOB MpocTbiIM pa3sppiBom C — C- 


IAS ira 
TloreHunasbl MOABIECHUA OCKOJOUHbIX HOHOB H-OKTaHa-2D, H H-HO- 
HaHa-o C}8 
Had pp cx A, 9B Mogekysna 
44 C3sHgDt Al 
43, C3H;D+ LO | 
42 C3H¢ 10,85 
57 C,H,D+ ui, H-OKTAaH-2 Dy 
56 C,Hs 40,80 
43 CoCH§ He 50% n-HoHaH-5C8 
42 C3H¢ NON 7 u 50% H-HOHAaH 


HCBA8H M —pyruM tytem. B paGote (°) Opim0 moKasaHo, YTO MOHbI Cee a: 
u3 H-HOHaHa-oC! TIpH 9Hepruax SeKTpOHOB 70 2B OOpasyIOTCA pa3spbIBOM ABYX 
iC — C-cpasel. 


_ TloreHivasibl NOABJIeHHA HOHOB Cal pupeyeHHble B Tads. 1, CoorT- 


ABETCTBYIOT IipOtleccy oOpa3s0BaHNa HoHa H pagquKamna. IIpouecc oO6pa30Banua 


a ered, 
See oS S 


Hornell mok (npousb. ee.) 


S 


i] o a orca prteve boohoo 


ene ees eee ee 
Wo Ei He IERIE OE IT TE ee 
Jnepeun anekimponoG ———>- 


Puc. 1. Kpupple MoABse@HHA HOHOB KCeHOHA Hi A-OK- 
< 5+ + 
Dalene Net. 7 o-Csblig, 0 —— Ct 4 CT 


Oombivero ‘aucwa HeliTpawbHBIX OCKOJIKOB, KaK NOKa3bIBaeT pacueT MOTeH- 
Masia MOABJIGHHA MO TelJOTaM OOpas0BaHHA ocKOJIKoB (1°), TpeOyeT Oomb- 
Ie JHEP 9JIEKTPOHOB. 
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C apyro cropoubl, HalpuMep, NOTeHWHaIbI NoABeHud uoHa C3H} uz! 
H-oKTaHa u C3H,Dt w3 MmeyeHOH MOJIeKyJIbl H-oKTaHa-2D, CoBnanaior | 


(ra6n. 1 u 2). Tlosromy nepppie NoTeHHaJbl NOABIIeCHHA HOHOB C Ag Pa co- 
OTBETCTBYIOT IIpolleccy paspbipa ofHOoH C—C-cBasu. Oguako He McK JIOUeH 
HW Ooulee CIOMKHbI NyTbh OOpas0BaHHA HOHA C JaHHbIM TOTeHILMaJIOM TIOAB- | 
JICHKS. ( 

SHaHHe MOTeHI[Masla MOABJCHHA MOJIEKYJIAPHOrO HOHA HM NOTeHIHaOB M0- 
ABJIGHHA OCKOJIOUHBIX HOHOB GH MO3BOJIAeT HaHTH 9Hepruu C — C-cBa3en. 


+ 
yvoHa H-CgHy,. QHeprua pasppiza C — C-cBxa3H HOHAa H-OKTAHA, T. €. H30bITOUHAA 
SHEpruA, KOTOPYIO HY2KHO COOOMIHTb MOJICKYJIAPHOMY MOHY, uTOObI OH AHCCOMH- 
MpOBaJI 110 Cxeme: 


H-CgH 3 > H-CgHis aaa Galnad ++ Can 17—-0n (1) | 
paBHa 


D (Gn Cg—nHiz—en) = A (Gale) sae Ve (4 - Csi), (2) | 

rne A— NOTeHILMa/I NOABJICHHA MOHA (B 2JIEKTPOHBOJIbTAaX). 
Kak BHgHO u3 TaOn. 1 (rpada 3), SHepruaA pa3spbiBa anno C — C-cBasn} 
MOJI€KYJAPHOrO HOHA H-OKTaHa pPaCTeT C YMeHbIeHHeM UNCIIa yrueposHElx | 
aToMoB B uoHe C,H3,4,. Tak, Ha-4 
IpHMep, 9HeprHaA pa3pbiBa BTOpOH) 
C—C-cpasu wona w-CsHig  paBuat 
0,5 9B, eCJIM NpH pacnaye woHas 
oOpasyeTcad pafukas C,H; u Muon) 
C,H’, u 2,25 28, eco oOpasyer-t 
Ca pamukan C,H,3 u HOH C,H ,4 
TakuM o6pa30M, sHeprud C— C- 
CBA3H B HOHE H-OKTaHa 3aBHCHT OT} 
MOJIOXKEHHA NOJORKUTeMbHOrO 3apA-| 
a B HeM. OckoOUuHbIe HOHbI THA 
C,Hy, v3 MONeKyJ HOpMasbHBIX) 
TapawHOB, OUYeBHAHO, He MOoryT 
NOJYYHTbCA PaspbIBOM OHO C — C+) 


500 


$08 


Honneld mok (npoust ed) ———» 


HbIM WytTemM. Ha6sroyaemple n10-] 
TCHILMaJIbl MOABJICHHA 93THX HOHOB) 
MOryT ObITb OOBSACHEHE, eCJIH XO} 


100 


3JICKTPOHOB 3TH HOHBI nospatsior- 
a é Me * 44 4% 3 ca yTeM OOpa30BaHHaA wOHAa HU OZ-| 
MEDEA TATE HOH HOBOM MOvIeKysIbl TO cxeMe: | 


Puc. 2. Kpusple Nees, OCKOJIOUHBIX Ho- 


HOB H3 H-OKTAHa} — CHa 2 — C,H; 2 
ees 4 — C,H; + Ce—nHe1—2n - (3)} 


Tlorentwasbl nosBsiesua nonos C,Hj, u3 A-OKTaHa, OOpasylouiuxca of 
cxeme (3), MOXHO BBIUHCJIHTb TakxKe 10 ypaBHeHHto (7°): 


A (CoHon) = AH (CoH. DOA (Cie bie ete EE (4)| 


re AH —Tensota o6pa3s0BaHHa Mona WJM MOJIeKysbl. |BrruncmenHbie 3Haue-| 
Hua A (cM. TaO. 1) 6M3KH K HaliJeHHbIM 9KCIePHMeHTAJIbHO. Orcioga| 
cjlefqyeT, YTO BbICOTa aKTHBaWMOHHOTO Oapbepa Mponeccon (3) HeBemHKa H| 
papua 0,1 0,2 sz. 

Bonee JeTasbuble CBeeHHA O MeXaHH3Me {Mpoueccow (3) MoryT jaTb! 
OMbITbI MO H3MepeHHIO NOTeHIMAaJIOB NOABJICHHA OCKOJIOUHbIX HOHOB H3 H-OK-| 
TaHa-2D, M H-HOHaHa-5C. V3 rta6n. 2 BugHo, uTo HoH! C3H,;D*, o6pa-| 
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Ol\MeCA M3 KOHILOB MOJI€KYJIbI, NOABIIAIOTCA He HMWKe, YeM pn 11,0 9B, B 
+ 
BpeMA Kak MOHbI C3H, — pu 10,85 9B. Orcioga caenyer, aro upH aHep- 


AX 9eKTPOHOB OT 10,85 go 11,0 9B nonet CsH; o6pa3yrotcs u3 cCpeHUux 
cTe MoviekyubI*. IIpomecc (3) Moxer TakHM O06pa30M IpoucXORUTb pa3- 
(BOM JByX C— C-cBaseii wu coeqMuHeHHem JBYX KOHILeBbIX YacTel yrseBo- 
pOxHOH Welw B OZHOBpeMeHHOM axktTe. Kondurypallua yraepozuoi wenu 
DKTaHa C €€ BaJIeHTHbIMH yrviamMH B 108°28’ nmpu cBoOoqHOM BpatleHun 
Kpyrcasset C—C nospouser cOuImKeHHe STHX JByX COeMHAeMBIX aTO- 
mB yrviepowa Ha paccTOsHHe XHMHYeCKOH cBxA3H (MopsyKka 1,5 A), npnuem 
iM BbileleHuu HoHaC;H, uM Combine — CBOOOTHO, 6e3 HallpsKeHHH, a pu 
| ~~ © HEKOTOPBIM HaTAXKeHHEM; O{HAKO y MOJeKYJAPHOFO HOA Ba/leHTHBIE 
bibl AOJKHbI, BEPOATHO, ObITb Oomee MerKO ePopmMupyeMbIMEH. 


| + 
| IIpomecc o6pasopanua nonop C,H2, u aByX pafquKasos 6e3 pekomOnHalluu 


H-CgHyg > CH AZ C;Hoz44 ar CeA se 41 , (5) 


n+i+k=8, kak MNoKka3biIBaeT pacueT MOTeHIMala MOABJIEHHA MOHAa 


iat : % 
Hon, HUET pH OOJbWIMX SHEprHMAax 9JeKTpOHOB. Tak, Halpumep, HoH C,H, , 
)pasyrolniicn 10 cxeMe (5), QOu2KeH HMeTb MOTeHIHa nosBseHuaA 14,8 9B. 


8 + 
perHO Ha KpHBOH NosBeHHaA HOHa C,H, (pwc. 2) upu 14,9 9B, BugzuMo, 
+ 
iSTBETCTByeT Mpomeccy oOpasopanua MoHa C,H, mo cxeme (5). 


e ar 
|| TleperuObl Ha KpnBol nMosBneHua HoHa C3Hg (puc. 2) mpu aHepruax 9dule- 
Hponos 11,9 13; 14,8, 5B, BO3MOxHO, COOTBETCTBYIOT pa3JIHUHbIM Ipo- 


scam oOpa3opanua uona C;H~ un uelirpabHBIX OCKONKOB: MoveKyI 4H 


|MoryT OOpasoBaTbcaA B BO30yKJeHHOM cocTosHun. IlepernObl Ha KPHEbIx 


mBieHus uonos C,H; u C3H,, Bugumo, coorsercrsyioT cayuato o6pasosa- 
fA HOHOB HM pa3HbIX HeHTpaJIbHbIX OCKOJIKOB, OMMH M3 KOTOPbIX MO2KeT ObITb 
BOyKJIeH. 

Ilpeyctapiset wuTepec conocTaBleHHe HauaJIbHbIX YYaCTKOB KPMBbIX M10- 
neHus noHoB CrzHz, uv C Hyny,. Hauasbupie,,yuacrkuH KPpMBbIX TOABIeHHA 


HOB OER u C,H, suuelinst B OTAMYHe OT HOHOB Gahan Gres 

AxBTopbl IIpHHOCAT ruy6oKy!o OsarogapHocts M. B. Tuxomuposy 3a no- 
Wlb B paOoTe u OOcyxeHHe pe3ymbTatoB u M. B. Typpepy 3a mpesocrasB- 
Me CHHTe3HpOBaHHOrO H-OKTaHa-2D, u H-HOHaHa-OC}, 


Hay 4Ho-HccaeqopaTenbcKuli Tloctymuu10 
U3HKO-XMMHYeCKHH =HMHCTHTYT 18 II 1959 
uM. JI. A. Kapnosa 
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* C qpyro cTopoHbl, NOTeHIHaJIbI NOABCHHA HOHOB, COOTBETCTBYIOULAX MaccaM 42 u 43, 
}-HOHaHa OJ\MHaKOBEI,H]paBubl 10,9 9B (ca. Ta6.1. 2). 
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Jloxxayn Akangemuu nayx CCCP / 
1959. Tom 126, Ni 3 


bU3HYECKAT XHMH, 


r. M1. CTABALLKAS, 10. HW. CMOJIMH, H. A. TOPOTIOB u E. A. NOPAH-K OLIHL 


K BOMPOCY O KPHCTAJIJIM3SAUHMH THJIJIEBPAHAMTA 
B THAPOTEPMAJIbBHbIX YCJIOBHAX 


(IIpedcmaeaeno akademuxom IT, A. Pe6uxdepom 16 X 1958) 


C lebiO H3YYCHHA 34KOHOMEPHOCTeli pasBUTHA THApaTHbIX CTPyKTyp, MPP 
IOULUX OCHOBHY1O POJIb B Mpoleccax TBepAeHHA BAXKYUMX, HaMM Obla MocTal 
jleHa paOoTa mo UcCiesoBaHuio Mpolecca KpHCTaIMsalun OfKOrO H3 HAP 
CHJIMKaTOB KaJibllMa —rusmeOpanmuta (2CaO-SiOz-HeO) B rugzpoTepMaJbHy 
yclopuax. IIpu sToM ObIIO OTMeYeHO ABJIeHHe MepeKpHcTaIM3salM4u rusIeOp 
uTa yepes pacTBop, C pacCTBOPpeHHeM MeCT CpaCTaHHA KPHCTAaJJIMKOB, aHa 
rHuHOe OOHapyxXeHHOMy paHee B MaGopaTopHu aKayemuKka II. A. PeOnngel 
(1) pu TBepleHuu rumca. | 

O6pa3libl, CHHTe3HPOBaHHble U3 CTeEXHOMeTPH4eCKOM CMeCH aMOp@HOH KpeMy} 
KHCJIOTHI (6% Bob) H MeIKOMUCHepCHOM OKMCH KaJIbUHA NPM PasHbIxX BbINepAK | 
B aBpToKulaBe (mpu 180°), uccneMOBaIHCb C MOMONIbIO JJIEKTPOHHOTO MHKpocKo| 
JIA XAPAaKTePHCTHKA BHeLHeH CPOpMbI OOpasylolWlUXCA KPHCTaJJIOB, ULeHTu| 
Kall KOTOPbIX MpOM3BONacb IYTe€M Pe€HTTeHOBCKOTO (has0BOroO aHaslu3a | 
jeOaerpaMMaM H MOHH3alHOHHBIM KPHBBIM. | 

Mcxoquas cmecb (puc. | a u 2 a) coxepxuT renb SiOz (Gomee mpospadH| 
yuacTKH Ha MMKpodoTorpaduu) HU MesKOKpucTalauyeckue CaO u Ca(OF) 
(6oee MJIOTHBIe YyuacTKH). ! 

Ha muKpodotorpadun o6pasila, CHHTe3HpoBaHHOrOo B TeyeHHe 3 4uac| 
(puc. | 6), BuHbI GOeccbopMeHHbIe CKOMICHHA TeIA UM KPUCTaJIMUYeCKOL raf 
OKHCH KaJIbIMA, a TaK%Ke OTebHbIE KPHCTAJIbI TueOpaHANTa B Bue ny 
CKUX HJ; Ha WeOaerpaMMe, BBUAY Masloro KouIMYeCTBa 3aKPMCTaJIM30BaBll 
roca BelecTBa, efBa 3aMeTHa Jlaxke CaMad ApKasc JIMHUA rueOpanzuta (| 
puc. 2 6 ona yKa3aHa CTpeKOM), NepeKpbiTad JIMHHAMH THApOOKUCH uM Kaptt 
HaTa KaJIbIlus. | 

Iloce cuHTe3a B TeyeHHe 6 4acoB OOpa3yeTcaA OoubINOe KOMMYeECTBO UPJ 
OOpa3HbIX KPHCTAJJIOB, CpocuIMxca [pyr c ApyroM B NapaJdJewbHbIe u pacss 
aujweca myuKn (puc. | 6); 3aMeTHO TaKxKe HeOOJbINOe KOMMYeCTBO CBOOOLHC) 
rest HW KPyNHble KPMCTaJIMKM rMApooKucH WecTHrpaHHou dopmpl. Jle6aerpe 
Ma HMeeT COBepINeHHO OTYeTIIMBbIe Y3KHe JIMHHU THeOpansutTa, Cc CoxpaHeHH| 
CaMbIX HHTCHCHBHDIX JIMHUM TMAPOOKNCH Kasibllua (puc. 2 e). 

Crelyronu oOpasell, CHHTeSMPOBaHHbIt B TeyeHHe 12 uacos, Jam Taky10 || 
jeOaerpaMMy, Kak M Mpesbiyuml (puc. 2 2). OtHaKo MuKpodororpadusa 3tTch 
oOpasita (puc. | 2) cuuIbHO OTMMYaeTCA OT MpesbILyule; ecmu Ha puc. | 6 Buy 
KPYNHble HrooOpasHble KPUCTaJIbl, OOpasyioulMe MyTem cpacranHua mooe 
ceTKH, TO Ha puc. | 2 ACHO BUAHO, YTO B pesybTaTe HavaBilleroca pacTBopeH| 
MeCT CpaCTaHHA KPHCTaJIOB CeTKa pa3BaJIWJlacb Ha OTJebHIe KPUCTaJL 
C M3beCHHbIMA KOHWAaMM HM MOBEPXHOCTbIO, KOTOPbIe MpOROMKaloT pacTBOpATH( 
@otrorpadua ciezyiouero oOpasua (puc. | 0), cunTesupoBaHHoro B Teuer| 
| CyTOK, BbIABAAeT MOUTH NOHOe paspylleHve BCeX NepBUUHEIX Kpucraaa} 
ruseOpansuta: Ha PoTorpadun BUHO HeOO/bUI0e KOMUeCTBO KPYMHbIX 6pyel} 
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|| K emamee TI. IT, Cmasuyxoti, 10. H. Cmoauna, H. A. Toponoea u E. A. Tlopati-Kowuy, 
| cmp. 616 


Puc. 1. SnextpoHubie MuKpodotorpadun HCXOZHOM cMecH (a) H MpoxyKTOB rHapoTepMasbHoro 
CHHTe3a yepe3 3 4aca (6), 6 4acos (4), 12 uacos (2), 1 cyTKu (0), 4 cyToK (e) H 13 cyToK (2) 


K cmamee A. IT. Bobpuesusa, [. H. Cmuproea u B. C. Coboreea, cmp. 637 


| Prowl Puc. 2 


Puc. 1, Kpuctana_asmagza B 9KoruTe. 15 X 


Puc. 2. Kpuctaas asma3a B 9KJOrHTe. PafoM HeraTHBHbIM OTMeyaTOK OT KpHcTasua, 
mokasaHHoro Ha pue. 1,15 x 


H, 7. 126, Ne 3 


—. 


WHbIX KPHCTAJJIOB H OobuINe OecopMeHHble Macc, OOpasoBaBlMeca mpH 
3pyWIeHHM KPHCTaIJIOB. ITO compoBoxaercA ociaGJleHHeM HHTeCHCHBHOCTU 
aeBCKUX JIMHMM PHeOpansuTa HU HEKOTOPHIM BO3pacTaHHeM HHTeHCMBHOCTU 

HMM THApooKucn Kasbuua (puc. 2 0). 

IIpv JarbHelitiem cuHTesHpoBaHHN Nomydaerca OOpaseu, aioli mpeKpac- 
70 QeOaerpamMy rHJWieOpaHguTa C MOMHbIM OTCYTCTBHeM JIMHHH TuLpooKucu 
JbIMA (HOHH3aNHOHHAA KPHBad MpuBeyena Ha puc. 2 e). Ha dororpadusx 
AHO OUCH MHOFO HOBBIX KPHCTAJIJIOB rHIeOpanluTa B opMe KPyMHBIX H Med- 
IX MaoveK wu Opyckos. IIpu yerbipexcyrouHoM cHHTese 3aMeTHO HayHHalo- 


| Puc. 2. MonusaMonHble KpuBble HCXOQHOH cmecu (a) H NpoxyKTOB TuApoTepMasbHOrO 
cuuTesa uepes 3 yaca (6), 6 4acos (4), 12 uacos (2), 1 cyrKu (0) u 4 cyToK (e) 


eeCAH paccJlOeHHe KOHWOB Ha TOHKHe BOOKHa (puc. | e), a npn 13-cyrouHoM 
pasyloTcA XapaKkTepHble pasBOJIOKHEHHbIe KPUCTaJJIbI PHeOpansnta (puc. | x). 
IlopropHbilli CHHTe3 HM UCCeqOBaHhe NOATBepANIN PakT paspyWleHua MepBuu- 
OH urmooOpasHon CTPyKTYypbl ruseOpaHaNTa U JambHeMWiel ero KpUuCcTaJJIH- 
IMM B BUJe OpyCKOBHAHbIX KPHCTaJJIOB, TpaBlla, C HEKOTOPbIM CMeLILeHHeM 
BPe€MeHH STHX IIPOLMeccoB; MocseHee MOXKHO OOACHUTh HCHOJb30BaHHeM IPH 
OPMUHOM CHHTe3e APYyrHX MCXOAHBIX BeLWLECTB U CJerKa OTJMUHBIMH YCJIOBHA- 
M CHHTe3a. 

CpaBHuBasd HHTCHCHBHOCTH TylaBHbIX MAKCHMYMOB THJJleOpaHyuTa u TrHpo- 
MCM KaJIbI[MA Ha MHOHH3AUMOHHbIX KPHMBBIX MpelapaTOB MOBTOPHOrO CHHTesA, 
OXKHO ObVIO MpOCIIeAUTb 34 H3MCHCHHEM HX KOJIMYECTB B 3aBHCHMOCTH OT Bpe- 
CHM CHHTe3a. ITO u3MeHeHHe (pu. 3) BMOuHe CorjlacyeTcaA C OMMCAHHBbIM BbILIe 
pOleccoM KPHCTaJIM3alNn HW NepeKpucTalIM3alMN Yepes pacTBop ruwiedpax- 
Ta (C OTMe4e€HHbIM CMEINe€HHeEM BO BPeMeHH), MpHYeM HaOsOJaeTcA XOpoLiee 
OJIMUeCTBEHHOe COBMayeHHe CYMMbI ruuMeOpaHANuTa HM THAPOOKHCH KaJIbUHA 
A Kaxkoro OOpasila, OCOGeHHO eCJIM yYeCTb He MOJIHY!IO CTaOHJIbHOCTb pa- 
OTbl HOHH3AIMOHHOM YCTaHOBKH HW OOpa30BaHHe B OOpa3silax HeOOJIbLUIMX KO- 
MYeCTB KCOHOTJIMTA HM KapOoHaTa KaJIbuuA; MocueqHee OOBACHAeT TakxKe U TO, 
O IPH MOBTOPHOM CHHTe3e B TeYeHHe YeTHIPeX H Goslee CyTOK BCe xe COXPaHH- 
OCb HeOOJIbIIOe KOJIMYeCTBO CBOOOMHOH THAPOOKHCH KaJIbIIMA. 
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| 
TlomyueHHble pe3yJbTaTbl MOSBOIAIOT PasJeMHTb BeCb Mpollecc KPHCTaJAM-| 
3allM PHivleOpaHAuTa B rHApOTePpMaJIbHBIX YCJIOBHAX Ha TPH Talla. | 
1. Buicrpoe BbilafeHve H3 MepecbillleHHOrO pacTBOpa KPCMHEKHCJIOTI 43 
BeCTH MaCCbl CpacTaloulMxcA pyr c Apyrom ursOoOpasHblx KPHCTaJUKOE| 
ruue6panmuta. YuacTKH cpacTaHHaA JOJKHBI o6aaTb UCKa%KeHHOK KPHCTad) 
JIMUeCKOH pellleTKOH. ! 
2. PacrBopeHve TepMOJMHaMHyecKH HeyCTOMUMBbIX yUacTKOB (*) KpHcTaJJO}/ 
ruJeOpanwutTa C HCKasKeHHOH CTpyKTYyPoOH, T.e. B MepBylO Ovepetb MeCT Cpa} 
CTaHHA KPHCTaJJIOB, B pesyJIbTa 


| 


MH BellleCTBaMH. Kpucranmue | 
cKwe arperaTbl pacnafarrca Hi] 
OTJ@JIbHbIe Mposo2xKaroulMe pac 
TBOPATbCA KPHCTAJIVIBI. 
3. PocT HOBDbIX KDPHCTAaJJON 
rHiweOpaHiuTa Cc MpaBHJibHOl 
pelleTKOH, T. e. MepeKpHcTaIMy 
3a THJeOpaHwuTa uepes pact 
TBOP. OTa MepeKpHcTalinsalnsl 
3612. a “8 9 vac  UpOucCXoquT elle fo MoNHOrY 
Gpema cunmesa ———> pacTBopeHua nepBOHauaJI bHBI: 
KPHCTaJJIOB, OMHaAKO pacTBOpeHHi 

Puc. 3. Kpupbie w3MeHeHHA KomMYeCTB CBOCOAHOH  I1POHCXOJMT 3HAYHTeIbHO ObICTpe! 
THApooKucH KasbuuA (@) Hw ruaeOpaHyuta (6) pocTa HOBbIX KPHCTaJJIOB, KOTC! 
B oOpasiax B 3aBHCHMOCTH OT BPeMeHH CHHTC3Aa pple TIpHoOperaror nouTu 3aKOE) 
ueHHYIO OpycKOBHAHyIOo §6bopM| 

TOJIbKO B TeyeHne 1—4cyTOK CHHTe3a, Mocle Yero MPOHCXOAUT UX MAaCCOBC} 
pasBOJIOKHeHHe. | 
OG6uapyeHHbIi Hamu cbakT ObiIcTporo pocta uM pacTBopeHHA rHNeOpaHyHI 

¢ TepMOMMHaMMYeCKH HeyCTOMYMBOH CTpyKTYpoH mM MoceLyroulel KpucTamAy| 
3allHH MpaBMJIbHbIX KPHCTaJJIOB HaXOJMTCA B MOJIHOM COOTBETCTBHH C pe3yuJil| 
raramu I]. A. PeOuuepa u ero corpyquuKos (!), KoTopple HaGmOJaiH Tako) 
xe Mpollecc NepeKpucTasMu3saluu JeruApata cyibdaTa KasIbluA Yepes pacTBO} 
3alOJIHAIOWULM MOPbl FHMCOBOrO KaMHA Tp BlaxKHOM xpanenun. Ha Bo3sMox} 
HOCTbh Me€peKPHCTaIH3alMu TUApaTHpOBaHHbIX CHJIMKATOB KaJIbIMA, ABIAK| 
IMMXCA OCHOBHOM YacTbiO NOPTAHeMeHTHOrO TecTa (B TOM 4uCIe M rHseOpal 
WTa), yKa3biIBall Take HU BepHasl, WpuAaBaBlul Oobiioe 3HAaYeHHe H3Y4eHU 
9THX MpoOleccoB Wid OObACHeEHHA TBePAeHHA HM ycaaku Wementa (?). 


VuctutyT XMMMH CHIMKaTOB Tloctynuao 
Akaylemuu Hayk CCCP 21 VIII 1958 


UWUHTHPOBAHHAS JIMNTEPATYPA 

1E, E. Ceraaosa, B. H. Usmaiiaosa, I. A. PeOuuzep, TAH, 1h 
5, 808 (1956); 114, 3, 594 (1957); TI. A. Pe6uugep, Mss. AH CCCP, OXH, Ne 114, 12' 
(1957). ®? J. D. Bernal, Proc. 3-d Internat. Symposium on the Chemistry of Cemer! 
London, Ne 9, 216 (1952). 
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PH3SHYECKAA XHUMHA 
H. JJ. TOMAUIOB u H. WH. HCAEB 


YCTOHYMBOCTb MACCHBHOFO COCTOAHHA MEXAHHYECKH 
HATPSSKEHHOPO METAJIJIA 


(ITpedcmasaeno axademukom IT, A. Pe6uxdepom 11 II 1959) 


| 

XoTa (baKkT H3MCHEHHA AMEKTPOMHOFO MOTeHIMala MeTasa Mok LelicTBHeM 
(popMalluu Obli UsBeCTeH JaBHo (1, ”), BOMpocy BIMAHHA MeXaHH4eCKUX Ha- 
/PKEHHH Ha SICKTPOJHbIN NOTeHUMa JO NOCIEMHUX JleT YJeIANOCb MasIO BHH- 
1Hus. 13 uMeloulMxXCA B JIMTepaType CBeReHHH CuleyeT, YTO MexXaHHyecKHe Ha- 
)\AXKCHUA OOBIUHO BHISbIBAIOT CMEUCHHE SIECKTPOAHOTO MOTeHIMaa MeTalia B 
|pHllarebHy10 CTOpoHy (?-°). OuepuaqHO, YTO. OCHOBHEIMU (bakTopamH, o6yc- 
)BJIMBalollMMH H3SMeHeHHe NOTeHWMasia B Cly4uae pacTATHBAIOllUX HalipsAxKeHuH, 
ryT ObITb yBeJIMYeHHe BHYTPeHHeH 9HEPIMM MeTaJJla WIM HapylleHve CMWVIOUI- 
CTH OKHCHOH IJICHKH MeTaJia. BemwunHa CMeIeHHA 3/IeKTpOAHOTO MOTeH- 
@ala MeTaJlJia B BObTaxX (AF), o6ycnoOBeHHaA TOKO JIMIIb yBesMYeHHeM 
0 BHYTpeHHeH SHEprHH B pe3ysIbTaTe paOoTh AesbopMalluu, B OOmleM cIyyae 
KeT ObITb OpeweseHa MO ypaBHeHUIO 


AE = AF/n-23066, (1) 


He AF —us3MeHeHHe cBoOo,HOH 3HeEprunH MeTasisa (KaJI/r-aTOM), fm — Ba- 
HTHOCTb MeTaJJia. B uacTHOM cuyyae, Kora TelOBOH addekT AecsbopMaunn 
ha mo CpaBHeHHio c OOuleH paOoToH edopmMallnu, cMelleHHe 3JIeEKTPOAHOrO 


TeHIMasla MOXKeT ObITb NOCuNTaHO MO ypaBHeHuto (?) 


| 
qt 


AE = —1,1070/2ne®, (2) 
e ¢ —MexaHHyeckoe HalpsaxeHve (kI/mm?), v —o6bem | r-aT MerTaJiuia 
3), © —Mojfysb ympyroctu (kI’/mm?), ® —nocTtosHHaa Papasen (KyJIOHEI). 
| Vismenenua seKTpOAHOTO MOTeHUMasla MeTawa BCJIeCTBHe yBeMYeHHA 
BHYTPeHHel JHEPruu, KaK MpaBHJO, HEBEIMKH HM He MpeBbyualoT 3—D MB. 
8). Tak, HallpuMep, HHTeHCHBHO JecsopMupoBaHHad npoKaTKoH (80% 06- 
ATHA) Melb BICOKOM YHCTOTbI NO JaHHbIM TepMuYecKoro aHaH3a (°, *°) uMena 


iA HepxaperolleH cramu Tuna 1X18H9T npuw HanpsxKeHuM pacTaxKeHHA 
65 xI'/mm? cmeuleHve NOTeHIMasla, BbIYHCIeHHOe NO ypaBHeHHto (2), co- 
faBsIseT Bcero Hub 0,035 mB (°). 

| OKcnepHMeHTaJIbHO V3MepeHHble BeJIMYHMHbI H3MeHEHHH SJIeEKTPOAHBIX NO- 
HHUHAIOB MO, WelcTBHeM MeXaHH¥eCKHX HampsAKeHHH ropa3lo Oolblwe U B 
HBMCHMOCTH OT CpelbI H MOBepxHocTeH OOpaOoTKH MeTaJa COCTABJIAIOT NecaT- 
| MH axe COTHH MUJIJIMBOUIbT. OTO TaeT OCHOBAHHA YTBePAaTb, YTO MOHMAKe- 
K€ SNCKTPOAHOFO MOTeHWMaa MeTaJIJIa MO MeHCTBHeM MeXaHH4eCKUX HalpsA- 
‘bHUH OOYCJIOBICHO B OCHOBHOM pa3pylIeHHeM OKHCHOM IWIeHKM B pe3yJIbTaTe 
| ecdbopMatuu. 

CocToAsHHe OKHCHOM MIleHKH (ee XHMHUeCKHH CocTaB, CTPyKTYpa, CIVIOLLI- 
NCTb HT. J.) YaCTO ABMAETCH (PaKTOPOM, OMPefeJAIOUIMM AKTHBHOE H MacCHBHOe 
Hcrosuve metagia. B cBa3H Cc 9THM MpeCTaBIANIOCb HHTepeCHbIM H3yYYHTb 
WMAHHE M@XAHMYCCKUX HalpAKeHHH Ha NaCCHBHOe COCTOAHHE MeTaJIJIa. To 
iM Ooulee BaxKHO, YTO CBEMEHHHM NO STOMY BOMpocy B JHTepaType HeT. 

| OnbiTbl MpOBOsMCh Ha MpOBOMOUHEIX OOpasilaxX CHbHO YIpouHeHHOH 
rapToBKoli yriepoguctol cramu (0,75% yruepoga) M HeprKaBelolmlel cTain 
ina 3X13 (0,25% yraepoga u 12,8% xpoma). Mexanuueckue xapakTepHCTHkKH 
epoqucToH cramu: mpesem mpownocTu og = 260 KI/mm’*, mpezen mponopuno- 
tale 619 


HambHocta o, = 190 xI'/m?. [na wep2Kapeiouleli cramu og = 70 KI/MM*) 
c, = 42 xI/mm?. B kauecTBe KOPpOSHOHHEIX Cpe ObWIH MCHOMbSOBaHbI pac 
rpoppt 1N NaNO; u 0,01 N K,Cr,O,. Ota pacTBopbl XapakTepHb! TeM, YTO kj 
HUX IIpeBapHTeIbHO 3allaCCHBHpOBaHHble CTa/IH He AKTHBUPYIOTCA, a Helac, 
CHBHpPOBaHHble CTaIH HaXOJATCA B AKTHBHOM COCTOAHHK. Heo6xoyumble HanpA 
SKCHUA CO3aBaJIMCb C MOMOLM[bIO paspbIBHOM MalUMHbI MaATHHKOBOrO THIa! 
Ckopoctb HarpyxeHHa cocraBaana 20 KI/cek. | 

Yrueposucrad crab, mpeksaputerbHo 3anacchBupoBanuas BO,1 N pactBopy 


KMnO, 8B TeueHve 4 cyrox, umeers | N pactBope NaNOgs cralmouap) 
Hb = moTeHitvan + 500 MB) 
Hb JWI HelaCCHBHpOBaHHOH CTadi) 


Hofemé ge 
A pre oe es, oH paBed — 120 MB*. II 
; eas CTOAHHO leHcTByIOWlMe pacTal 
\ D THBaIOllWe HalpAXKeHHA OKA3b, 
: 180-250 kl /mm2 BalOT pa3JIH4HOe BJIMAHMe HH) 


40 MacCHBHOe COCTOAHHe MpekBe 

PUTeIbHO 3allaccHBUpOBaHHO} 
IO cTaJId B 3aBHCHMOCTH OT Bed¥} 
UHHbI HalpsKeHuA. PesyubTé| 
TbI, IpecTaBJIeHHble Ha puc. |} 


RSS 


Wi 125 hf /mmé 


bt 
X—> -x--xK-----x 


oe 


= 


w 180 "f/m? (mun) | yp MOKa3bIBaloT, YTO Harpy3sky; 
125 bl fom @ ympyro edopmMupyiouue = M¢) 
40 62 Af /mmée Tau (B Halliem cyuae fo 12) 
KI'/MM?), BbISbIBaIOT YaCTHUHY]} 

M BpeMeHHY!O aKTHBallMio C NC 

600 culelyrouleH mocTeneHHoH ma 


cuBalluen WO HCXOMHOLTO COCTC 
, ? 9 4 rae aHud. IIpH stom, uem OovIbIt] 
HallpxA2KeHHe, TEM 3aMeTHEe 3G 

Puc. 1. Usmeneuue Bo BpeMeHH NoTeH Hala (CMVIOWINbIe (beKT aKTHBalluu H TeM OO/bIL| 


Kpuble) H €MKOCTH (MyHKTHpHbIe KpMBbIe) MpemBa~ TpeOyeTCA BPeMeHH MWA noc] 


PHTeMbHO 3allaccHBMUpOBaHHOM yrviepoucToH cram 
B | N pactsope NaNOs. B Ttouxe P xk oOpa3iam mpH- FNS et ane Taccy Baa 


JloKeHa yKa3anHad Harpy3ka COcTOAHHA. i 
Harpy3ku, BbI3bIBaIOLL | 


mulacTHyecKy1O WecpopMallHi0o, | 
Harpy3Ku, OM3KHe K I1peey MpONOpUMOHabHOCTH, MPHBOAAT K MOMHC) 
AKTHBallMM MeTasla. CMelleHHe MOTeHIMasla B OTPHUaTebHYy!0 CTOPOHY B 9TC| 
caryuae cocraBiset 600 MB. BosBpat maccHBHOro COCTOAHUA He MpOUCXOsHT, Myer 
HaBJIMBaeTCA CTAalMOHapHoe 3HaYeHHe NOTeHWMasla HeMacCMBUPOBaHHOM cTaJl} 
OTMeueHHbIe€ BBC ABJICHHA OObACHAIOTCA TEM, 4TO B OKHCHOH TMeHT 
MeTaslla Mo JelcTBueM pacTATMBaiOWlMX HalIpsAxKeHHH BOSHUKAaIOT TpellMHl] 
oOHaKad YUaCTKH AKTHBHOM (AHOAHOH) MOBepXHOCTH MeTaJa, O 4eM cBuylered 
cTByeT 3aMeTHOe YBeMYeHHe eCMKOCTH JBOMHOTO 3ueKTpuyecKoro cosa (cil 
puc. 1). Ilpu narpys3Kax, BbISbIBAaIOWIMX yMpyryto Aedopmaluto Metausa, mM! 
lab STHX BHOBb OOpasOBaHHbIX AHOAHBIX yuacTKoB HeBeuKa. IIpu narpysil 
125 KI’/mM? emkoctTb Bospactaer Ha 12 pp/cm?, uTo cooTBercTByeT MpupocTy a 
THBHOM MOBepxXHOcTH Metasia Ha 60% mo cpaBHeHHto c ucxogHoH. Mops 6xict; 
MacCMBUPyIOTCH B pe3ybTaTe paOOTbl MHKponap Tua NneHkKa —nopa. 9 
MpMBOAMT K BOsBpaTy MaccuBHOrO CocTOAHMA MeTasia. IIpu narpy3sKax, ra 
CTHYeCKH JePopMUPYIONIUX META, MW1OWakb aHOAHbIX YYACTKOB pe3KO BO3P 
cTaeT, O 4eM CBHJeTeIbCTBYeT OO/Iee 3HAYHTEIbHOe YBeEMYeHHeE EMKOCTH TBO 
Horo dJleKTpHuecKoro COA seKTpoa. Hanpumep, mpu narpysKe 180 xI/ 
AC = 42 w/cm? (puc. 1), yro coorBercTByeT Mpupocry akTHBHOM noBepxHoc. 
Ha 200%. OueBuyHO, 4TO co3matiolmlelica B 3THX YCJIOBHAX MJIOTHOCTH TOKAa 
JOCTATOUHO JIA MaccHBallHH NOP HM MeTaJWI B IWeOM ocTaeTCA B AKTHBHOM 
CTOAHHH. 


| 


* BeqHYHHbI MOTeHUMAIOB JaHbl OTHOCHTEbHO HOpMabHOrO BOOpoAHOrO 3JIEKTPO, 
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|| Octtworpaduyeckaad 3amucb noKa3aa, YTO OCHOBHOe pasOaropaxuBaHue 
|pTeHUMaa BO BPeMeHH MPOMCXOAUT He B NepHo MpHOKeHUA HarpyskKu, paB- 
Wit S—l0 cex., a Korfa Meta yxe HaXOMUTCA Nos craTHuecKoli Harpy3kon. 
HMeBUAHO, YTO pasONaropaxkuBaHNe MOTeHMaa B STOT NepHox mponcxozuT 
IEACTBUE TOPO, YTO OKHCHAA MWIeHKa, HaXOJACb NOL OAHOBPeMeHHLIM BOs/eii- 
"BHEM BbICOKOO MeXaHUUeCKOFO HaMpAKeHHA HW KOPPOSHOHHO! cpesH, noOsBep- 
neTCA HHTCHCHBHOMY pacTpecKuBaHHio. 

OKCIeEPHMEHTAIbHO ObIIO MOKa3aHoO, TO BpeMA NOMHOTO pa30laropaxkuBaHHA 
)DTeHIMaa MeTaJla 3aBMCHT OT BeMUMHbI M€XaHH4ecKOli Harpy3KH HM Haxo- 
HTCa B pefetax of 1,5 yo 3 mun. 

| CBA3H C 3THM MpescTaBsaocb UHTe- Life? P=65 kf/mm* 
PeCHBIM M3Y4HTb Tpollecc. H3MeHeHHA 110 } ; 550 


pOTeHIMasa TpelBapuTebHO  samaccu- 100 2a Jeng 
IMpOBaHHOH yrviepogucto ctanu np 

paTKOBpeMeHHBIX Harpy3Kax (1 Mu- 600 
Ta). B stoi cepHu ombiron oOpasey 40 700 

WHaMMYeCKH HarpyxavicA No sayan- fa 750 


Horo HallpaxKeHHA UM OCcTaBaIcCA Nol 
ol (ye cTaTuueckolt) Harpy3koH B dO 
Hevenue | MHHYTHI, Mocte vero OOpasen © 16 
HaarpyKaJica. 2D 
|| Tlomyuenuple pe3ysbTaTb! 10Ka3bIBa- 26 
DT, UTO BpeMeHHad Harpy3ka, OM3Kkan 
_Tipeqesty MmponopuvoHasbHOCTH, OKa- 
jbIBAeT HECKONbKO HHOe BUMAHHe Ha 
ROCENYIOULCEe HMSM€HCHHE MNOTeHUMaa. pyc, 2, Usmenenue Bo BpeMeHH SuIeKTPOL- 
ECM MocTtosHHad HarpysKa 180 KI°/MM?  yoro norenuuana (a2) u emKocru (6) npen- 
#€3BO3BPaTHO BbIBOJUT MeTaJJI H3 mac- ee ie vaeeibg Tas were 
JMBHOTO COCTOAHMA, TO TIputOKeHHaA BOY i iatmane NeSOs. B Touke P pu 
euveHve 1 MMHYTHI OHA BbI3bIBAeT jlowkena narpyska 
(Mlb “YacTH4YHOe CMellleHHe —NOTeH- 
(Maia B OTpHiaTebHyiIo cTopoHy (AE = 200 mp), mocue ero metas 
fAMOMPOHSBOJIbHO MaccCMHBUpyerca M ero MOTeHIMadl MpHoOperaeT 3Ha¥yeHHe, 
)IM3KOe K HCXOMHOMY. OHaKo, eCJIM BeIHYMHa KPaTKOBPpeMeCHHOM Harpy3Ku 
raKkad, UTO BbISbIBAeT MIaCTHYeCKYIO JedopMalluio MeTaJa, TO NOTeHWMal Oes- 
O3BpaTHO CMelllaeTCa B OONAaCTb aKTHBHOrO cocTosHUuA. [laccuBupOBaHUA B STOM 
bayuae He HaOurojaeTca. 
OrmeveHHble BbIMMe ABJICHHA HaXOJAT CBOe OObACHEHHE B TOM, YTO Np CHA- 
[TMU HallpsxKeHHA yUpyro AePopMupoBaHHbI MeTaJJI BOSBpalaeTcA B UCXO]HOe 
rOCTOAHHEe, B Pe3YJIbTaTe Uero OCHOBHAA UacTb OOPa3s0BaBLUMXCA BO BPeMsA pa- 
TAXKCHUA TPelMH OKMCHOM IMWICHKH 3aKpbIBaeTCA (cCMbiKaeTcaA). CymMMapHas 
MMOUalb AHOJHbIX YYACTKOB pe3KO YMeHbIlaeTCA, TO cosaeT ONArOMpUATHBIE 
YCJIOBUA JIA ux naccuBawuu. pu cuaTun Harpy3KuH C MylacTHyecKH Jedopmu- 
poBaHHoro OOpasila cTeMeHb 3aKPbITHA AKTHBHOFO MeTaJJIa Oy eT MeHbIle BCE T- 
TBHe OCTaTOUHOH JecdbopMallun MeTasiia. CieqOBaTeJIbHO HM BePOATHOCTb CaMO- 
MaCCHBUPOBaHHA MeTada OyeT 3HAYHTeJIbHO MeHbILe. 

Ecum »Ke BpeMs cTaTHYuecKOM Harpy3KH MpeBbluaer 1,5 MUH., TO HaOsOJae- 
MBI 3c:pcdbeKT CXOJeH C TEM, KOTOPbIM HMeeT MECTO IPH MOCTOAHHBIX Harpy3Kax. 

TloppuueHHad CKJIOHHOCTb Hep2KaBelouleH CTaIH K NacCHBalWH KOPeHHbIM 
o6pa3s0M MeHaAeT ee NoBeleHHe B HallpA%Ke€HHOM COCTOAHHH MO CpaBHeHHIO C 
yruiepowucrow ctTambio. Ecam mpeqBapvTesbHO 3amaccHBupoBaHHaA yrulepodu- 
cTad CTalb MpH Harpy3KaXx, COOTBeTCTBYIOWMX MlacTHyecKoH JepopMallun, 
ObICTPO AKTHBUPYyeTCA, TO MpeABapHTebHO MacCHBHPOBaHHaA HeprkKaBerolat 
CTaJib OCTaeTCAH MacCHBHOM pu MOObIX PaCTATMBa!OllMX HalpAKeHHAX. 

CralMouapHbili MOTeHIMa BOSLYUIHO OKHCJIeCHHOM HepKaBelolleH CTau 
tuna 3X1X B 1 N pacrsope NaNO, pape +225 mp. IlpeqpapurembHad naccu- 
Ball STO CTaJIM CMellaeT ee CTalMOHAapHbIM NoTeHuMal Jo +-760 MB. Oyuako, 
Kak BUJHO M3 MpefcTaBJIeHHbIX Ha pc. 2 pesyJIbTATOB, axe OYCHb BbICOKUE 
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MeXaHHy4eCKHe Harpy3KH, OM3KHe K Mpefesy MpPOUHOCTH, BbISbIBAaIOT He3HadH-} 
TeIbHY!O AKTHBALMIO CTasIM (BCero JIMUIb Ha 30 MB), Nocwe Yero OHA BHOBb ca-| 
MOMPOH3BOJIbHO HWaccHBupyeTcA WH ee MOTeHWMa/l YCTaHaBJIMBaeTCA Ha YPOBHE) 
WCXOMHOrO 3HaYeHHA CTallMoHapHoro noTeHiMasa. EMKocTb TakxKe Iperepme-| 
Baer Mok JelicrBuem Harpy3KH HeOoubIloe usMeHeHue (AC = 4,5 pap/em’).| 
Bpwio M0Ka3aHo, YTO B Goulee KOPpO3HOHHO-aKTHBHbIX Cpeax BJIMAHHe MeXa-} 
HUUeCKOH Harpy3KH Ha MaCCHBHOCTb Hep2KaBelolleli CTaJIH BbIpaxKeHo Oowlee OT-} 
yeTJIMBO. OjHako WH B 9THX ycCuJO-) 
oe BUAX JlaxKe MpeebHO BO3MO2KHBIE| 
Harpy3KH He aKTHBHPYIOT CTaJlb Jd} 
YpOBHA HelacCHBHpOBaHHOroO MeTaJ-| 
jia. Tak, HampuMep, cTallMoHapHbiii| 
NOTeHI[MaJl HelaccHBU pOBaHHon cTaJIM} 
Tuna 3X13 80,1 N pacrpope NazSO4} 
papeH +200 MB, WIA maccHBHpoBaH-} 
HOH CTasH OH: paBeH +700 MB (cM. | 
2 4 be) vac. puc. 2). Bananne pacraruBarolAx| 
Puc. 3. Bauanue MexanwyeckolH Harpy3ku (P) HanpaAKeHUA B STHX YCOBAAX sahara 
Ha W3MeHeHHe BO'BPeMeHH SeKTpoqHoro Norer- Hee (pH HanpsxeHuu 65 KI/MM? :) 
uuana yrvepoguctol cramm B pactsopax AE = 120 mp, AC = 6,5 p.x/cm?),) 
See ae DY pee: 7 oP gg OMHaKO TONHOH akTMBallMM MerTasa} 
kT /mu2, 0,14 nacre 4 OP = 195-x0/um?, 20 7PORHsa HemlaCCHBH pOBAaHHOH CTavIH | 
0,01 N pactsop; 5—P = 125 xI/mm?, 0,00 N He MpOHCXOJMT. 
pacTBop B pacTBopax OKHCIUTeeH | 
(KeCreO, KMnOs uw ap.) mpemqpaputedIbHO HemaccHBHpoBaHHble yrsmepo-} 
JMCTbIe WM Hep2KaBelolllMe cTamM, HaXOACb B YCTOHYMBO MacCHBHOM Co-} 
CTOAHHH, OOHAPy2XKHBalOT MPHHIMMMalbHO OMHHAKOBYIO 3aKOHOMEPHOCTE. | 
B HauabHbI mepHok mpoucxoyuT HeOombilad aKkTMBallua, 3a KoTopoit7 
cleqyeT CaMONaccHBHpoBaHHe AO HCXOAHOrO (UM OH3KOrO K HEMY) COCTOAHHA. | 
Ha puc. 3 mpefcTraBieHa Cepia THMM4HbIX KPHBbIX, M3 KOTOPBIX cyleqyer, 4TO| 
MO Mepe YMeHbINeHHA KOHICHTPallHH OKMCUTeIA BeIMYNHAa CMeLLeHHA MOTeH- | 
Wala B OTPHLAaTeIbHY!0 CTOPOHY MOA AeHcTBHeM OMHOK UM TOM Ke Harpy3KH BO3-' 
pactraet. Kpome Toro, c yMeHbINeHHeM KOHICHTPallMH OKUCJIMTeIA 3aMeTHO] 
YBeJIMUMBaeTCA BPeMA, HEOOXOAMMoe WIA NocMeLylollero BO3BpaTa MaccuBHOFO 
COCTOAHHA. ; 
OTO HaxOJMT cBoe OObACHEeHHe B cuemyrolulem. B HauabHbIi MOMeHT, Kora‘ 
Harpy3ka TOJIbKO 4TO MpHJlomwKeHa, Ha MeTaJIJI OMHOBPeMeHHO JlelicTByIOT [Ba 
(bakTopa: MeXaHM4ecKad Harpy3Ka, MeopmMupyiollad Meta Mu cosfarollaa 
YCIOBHA [WIA erO AKTHBALMH, H OKHCJIMTeNb, KOTOPbIM TOPMO3HT aKTHBALLMI0! 
MeTaa. CileqOBaTeIbHO, pv paBHoH Harpy3Ke B STOT Mepvos 4eM BBIIe KOH-- 
WeHTpallA OKHCIIMTeIA, TEM MHTeHCHBHee ero MaccuBUpytoulee JelicrBue u’ 
MOSTOMY TEM MeHbIe CMelleHHe NOTeHIMasla B OTPHUaTebHy10 cTopony. B cue-| 
AYiowlMH Mepvon LesbopMallua OKMCHOM MWIeHKH MpeKpalllaeTcA HW OCHOBHBIM (pax: | 
TOPOM, OMIpeeAIOWIMM Mocefyoulee H3MeHeHHe NOTeHIMala, Oyler maccuBu-' 
pylomlaa cmocoOHocTb pacTBopa. CieqoBaTesbHO, eM CHJIbHee MaccuBupyrollee’ 
MeUCTBMe pacTBopa, TEM BbIllle CKOPOCTbCMeILCHHA NOTCHIMAaJIa B MOJIOMKUTEAbHYIO 
o6mactb. I[punnunuaibHo Takaad xe opMa 3aBHCHMOCTH MMeeT MecTO H 
B APyrHX OKHCJIMTCIbHBIX cpeflax (HanpHMep, B pacrBopax KMnOu,). | 
Uucrutyt du3suyecko xumun Tloctymu10 
AkajlemHu Hayk CCCP 29 I 1959 
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XHMHYECKAH TEXHOJIOLHA 


M. T. )KYPABJIEBA, B. H. BOTOCJIOBCKMM 
M 4leH-Koppecnonyxent AH CCCP ©. H. YYPAPOB 


BJIAAHHE YIJIEKMCJIBIX COJIEM KAJIMA W HATPHA 
HA BOCCTAHOBJIEHHE ®EPPHTOB HWKEJIA 
HW KOBAJIBTA TPA®HTOM 


B ps paoor (1,”) moka3aHo ycKopstollee JelicrBve yIvIeKHCJbIX Cole KaIMA 

HaTpHA Ha Mpollecc BOCCTaHOBJIGHHA HeEKOTOPbIX OKHCAOB HW COeAMHEHHH. 
[HacTOsAleH paOoTe HccIefOBaHO BJIMAHVE 3THX Covell Ha Mpomlecc BoccTaHoBIe- 
iMaA (eppHTOB HHKeNA HU KOOaMbTa rpaduTom. 

MeppuTbI HHKeA HW KOGasbTa ObIIM MOMYYeHbI CMeKaHHeM SKBUMOJIAPHBIX 
mecei NiO (usu CoO) c Fe2Os na Boszyxe mpu 1200° B Teyenne 30 yac. 
 PeuTreHOCcTpyKTYPHbI aHasIM3 Noka3a, 4YTO MOMyYeHHbIe deppuTbI OLHO- 
‘pa3HbI MW WapaMeTpbl UX pellleTOK COrlacytoTcsA C JIMTepaTyPHBIMM JaHHbIMH. Boc- 
TAHOBHTeJIeEM CJIY2KHJI aYeCOHOBCKHH rpaduT, MpokasieHHBIi B BakKyyMe IIpH 
1100°. KonuuectBo rpaduta ia Kaxoro ombiTa Opaiu B TPH pasa Goubule, 
€M HeOOXOJMMO [WIA BOCCTAHOBJeHHA WO MeTaua. JLoOaBKH yrvieKHCJIbIX KaJIMA 

HaTpHa coctaBiatu 1% oT Beca ceppntTa. 
_ Bce KommoHeHTbI TIaTeIbHO pacTupauiM B cTyrike, u 0,5 rcMecu Nomemau 
IB THTeeK, MOJBeWICHHbI K KBapleBbIM Mpy2XHHHbIM BeCaM UYBCTBHTebHOCTbIO 
,001 r. C nomoulbio Auddy3HOHHbIX HacocoB B peaKIMOHHOM IIpocTpaHcTBe 
MOWep2xkuBaIcA BaKyM NopaaKa 10°? wn pr. cr. J[ByoKucb yruepoga coOupasu 
B JIOBYWIKY, OXJIaxKJaeMylO 2KHAKUM a30TOM. YOblIb B Bece H KoMH4eCTBO COz 
/MO3BOJIAJIM BbIYHCIATb CKOPOCTbh peaKUHH B rpaMMaxX KHCJOpOa, OTHATOFO 3a 


(CMHHILy BpeMeHH. 

| PesyJIbTaTbl OMbITOB MpeACTaBJIeHbI Ppaduyecku Ha puc.1,43 KOTOporoO BAHO, 
/4TO WOOaBKU YIVIeKHCJIbIX COeH KaIMNAM HATPHA OKA3bIBAICT CHJIbBHOe YCKOPAlollee 
leicTBHe Ha Mpollecc BOCCTaHOBJeHHA tbeppHTa HHKeJIA HM KOOaIbTa rpacpHTom. 
|B mpucyrctauu 1% KeCOs cKopocTb BoccTaHOBJeHHA (eppuTa HUKeA MpHOsH- 
_3uTebHo B 100 pas Goble, vem 6e3 ROOaBKu. YcKopstowlee JelicTBue WOOaBKU 
_yruleKucsIOrO HaTPpHA HeCKOJIbKO MeHbule (pvc. | a). CKopocTb BoccTaHOBJIeHUA 
depputa KoGambTa mpu 950° B NpucyTCTBHH YrseKMCOrO KaJIMA BOSpacTaeT 
|B MecaTKu pas. Yruekucabii HaTPUH He OKA3bIBaeT TAKOPO CHJIbHOLO YCKOpAIOULero 
‘feictBua (puc. 1 6). 

Buauaune oOaBoK He CBOJMTCA K IIpocTOMy YBeIHYeHHIO CKOPOCTH, — OHM 
MOryT H3Me€HATb HM XapakTep upowecca. BoccranoBsenue deppuToB rpaduTom 
cC Jo6aBKaMu mpoTeKaeT c ycKopeHHeM, Tora KaK Ha KHHeTHYeCKOM Kpu- 
Boll IIpH BOCCTaHOBJeHHH cbeppuTa HuKeNA rpadHToM HaOwo_aeTcH MMHH- 
MyM (?). 

PeHTreHOCTpyKTYPHbIMM HCCIeEOBaHHAMM TBepOH Ma3bl NOKa3aHO, TO 
pH BOCCTAHOBeHHH (beppuTa HUKemA rpadpuToM Ha MepBoli craqun oOpasyerca 
MeTaJJIM4eCKHHi HUKelIb, a HCXOMHbI CbeppuT MocTeneHHO MpHOsMKaeTCA K MarHe- 
tutTy. Ilpu jampuelitmem BoccTaHOBJIeHHH MeTamIMuecKad (pasa oOoraliaeTca 
*KENe30M, UTO COMPOBORMaeTCA PpOCcToM MapaMerpa ee peuleTKU (puc. 2). Meany 
35 u 50% soccTaHOBeHHA Mapamerp pellierKu TBepforo pactBsopa Ni — Fe 
He MeHAeTCA, TAK KaK Ha 9TOM 9Talle HOHBI Kee3a B OCHOBHOM JupPyHAUpPyIoT 
B TulyOb OKHCHOM (pasbl, MepecTpauBas pellleTKy MarHeTHTa B pellleTKy BIOCTHTA. 
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Tocne 50% poccTaHOBJIeHHA, KOra, COrlacHo (PasOBOMY aHaJlu3y, 3akKaHuNBael}} 
CA MpeppallleHue MarHeTHTa B BIOCTHT, OOpasylolleecA 2Kele30 MepexoXuT Py 
MeTaslMuecKy10 (pa3sy M Napamerp pellleTKH MOCueqHeH BHOBb HauHHaeT pacTHy 


ee 


Camper pe pe 


@ 


ZOOL 


CmeneHe Goccmanobnenua 


Puce. 1. Ckopoctb BoccTaHoBleHHA eppuTa HuKeIA 
(a) udepputa KoOampta (6) rpabutom mpu 950° (B 
rpaMMax OTHATOTO Oz BMuHyTy). 1 — 6e3 Ro6aBKH, 
2—c jo6askoli NazCOs, 3—co6OaBKoli KeCOs 


Bp MpOBeeH PeHTTeHOCTPYKTYPHbI aHaJIH3 TBePAbIX MpOAyYKTOB BoccTa-} 
HOBJICHHA eppHTa HHKeIA rpadutTom c RobaBKol 1% KeCOs. Oxa3asmocb, 4TO | 
MIpOLYKTOM BOCCTAHOBJICHHA B 9TOM CJIyYae ABJAeETCA TBEPAbIN pactBop Ni —Fe | 
Cc NepeMeHHOH KOHIeHTpaluelH. Maza c pellieTKOH THMa IMNHHEIH, T. e. 


20 40 COs 
Cmeners Gboccmarobnerus ——~ 


Puc. 2. Usmenenue napamertpa pellieTku 

MeTaJIIHYeECKOH (basbl B MpOsyKTax BOC- 

CTaHOBIeHHA cbeppuTa HuKeIA rpau- 

Tom. 1 — 6e3 qo6aBKu, 2 — c QoOaBKou 
1% KeCOs 


100 7. g 20 N%O 60 00% 


Cmenens Coccmanobnenua ——— 


tbeppuT, mpucytcTByeT Jo 71% BoccTaHOB- 
jeHua. Upu 51% BoccTaHoBmeHuA Brep- 
Bble OOHapyxKuBaeTCA (basa C_ pellleTKoL 
tuna NaCl, coorBercTByrollad TBepAbIM | 
pactBopam Fe;_,Ni,O. 

M3 puc. 2 BHAHO, 4TO MapamerTp 
pelleTKH MeTaJJIM4eCKOH casbl MpH Boc- 
CTAHOBJICHHH C AOOaBKaMH BBIllIe. ITO yKa- 
3bIBaeT Ha Ooslblee cosepxKaHve B Hel 
*wKelesa W CBUJeTEIbCTByYeT O TOM, 4TO 
B JaHHOM cJlyyae CKOpocTb oObeMHOM 
ud@py3HH HOHOB B TBEpO case oTCTaeT 
OT CKOPOCTH OTHATHA KuCIOpOMa BOCCTa- 
HOBHTeIeEM, KOTOPBIM B cJlydae BocctTa- 
HOBJICHHA TpadpuTOM ABIAeTCA 1a3006- 
pa3HaHh OKHCb yrviepowa. 


B Hauasle mpolecca, Kora CKOpOCcTb elle He3Ha4MTeIbHa, HOHbI 2*Kevlesa, 
oOpasyroulMecd Ha MOBepxXHOcTH, AupdyHAMpyioT B ruyOb pelleTKu deppura. 
B metasuiuueckylo (asy NepexOLAT MpeHMyULeCTBeHHO HOHbI HUKeIA, a (eppuT 
oOorallaeTca 2Kee30M, MpHOmHxKaAcb K MarHeTuTy. JIo 20% sBoccTraHoBjeHHA 
TlapaMeTp pelleTKH JIMIUb He3HAUMTebHO MpeBbilllaeT TaKOBOH JIA uNcTOrO 
HukelA. Ilo aHHbIM 3aBHCHMOCTH NapaMeTpa pellleTKH TBEPAbIX PacTBOPOB 
Ni — Fe of kontlentpauuu (*), colep2xkaHve xKele3a Ha STOM STaNe cocTaBAeT 
5—7 at.%. Ho c yBeWYeHHeM CKOPOCTH BOCCTAHOBJICHHA KOHIeHTpPalna 
MOHOB 2KeJie3a Ha MOBEPXHOCTH He ycleBaeT CHHKAaTbCA 3a CueT OOBEMHOH [udp- 
(py3HH, HM OCHOBHAA JOA MX HaYHHAeT NepeXOLHTb B MeTaMYeCKyIO dasy. 
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iumHaad c 20% BoccTaHoBeHHA TapaMeTp pellerkKu Mocmequeli HenpepbIBHO 
eTeT, MocTuraa np 70% MakcHMasIbHOrO 3HaYeHUA JWI PacTBOpOB. 

|| [lepecrpofika MarHeTuTa B BIOCTHT, IIpOMCXosAMaA nyTem oObemHOM Judp- 
}BHH HOHOB xevlesa (°), B STOM Cy¥ae 3aepxUBaeTCA, H BIOCTUT OOpasyerca 
|| Ooulee TlosqHeH cTraquu BoccTaHoBseHua (pu 51%), Torma KaK mp BoccTa- 
wBleHuu Oes oOaBoK K STOMY Hepvwoxy mepecrpolika MarHeTuTa B BIOCTUT 
KaHYMBAaeTCH MOMHOCTbIO. OcTaTKH LWINMHeIbHOM (pasbl MPH BOCCTaHOBJIeHHH 
oCaBkolt OOnapyxuBaloTrca B OOpa3silax, BOCCTaHOBJeHHBIX Jo 71%. Kpome 
10, KOHICHTPalluA HOHOB MeTaJIa B OObeMe WINMHEAbHOM (pasbI He ycreBaer 
|PaBHUBAaThCA, YTO MIPHBOAMT K UCKaXKeHMSM PeleTKH, KOTOPbIe He [M03BO- 
OT H3MePHTb MapaMerpbl mocmeqHel. 

|| Umetoluica SKCNepHMeHTaJIbHEbIi MaTepHad MO3BOUIAeT Cie/laTb HeKOTOpbIe 
HeWMOIOX%KeHHA O BOSMOXKHOM MeXaHv3Me JelicTBuA DOGaBok. BoccraHoBuenue 
HHOrO WM TOTO 2ke COeIMHeEHHA HeEOMHAKOBO MIpoTeKaeT B MPHCYTCTBHH pa3Hbix 
)DaBOK, H OfHa MH Ta Ke oOaBka MO-pasHOMY BJIMAeT Ha BOCCTAHOBJeHHe 
IBIIMUHbIX CoequHeHHH. JleticTBue TO6aBOK, CIeCNOBaTeIbHO, CBA3AHO C CaMOH 
jAKIMeH BOCCTaHOBeHHA (°). Bmecte c TeM, HCCeOBaHHA KPUCTasIOXHMH- 
IKHX TipeBpallleHHit B TBepAOli chase NoKa3auH, UTO IPH BOCCTaHOBMeHUN dep- 
fa HAKeIA C ToOaBKamMu He HaOmIOJaeTca cTyMeHYAaTOCTH Mpolecca, xapak- 
HO Wid BOCCTAHOBJeHUA OKUCIOB 2*Kee3a (°) u ceppuTos (°) Ges B06aBoK. 
)2 MOXKHO OOSACHHTb TeM, UTO B MpPHCYTCTBHH BOOaBokK yckKopserca XHMUM4e- 
}9€ B3AMMOJeHCTBHeE BOCCTAHOBUTeA C OKHCJIOM, T. €. CaMa peaKIIMA BOCCTa- 
pauleHua. BeweqcTBve STOO H3MeHAeCTCA COOTHOIICHHE CKOPOCTH OTHATHA 
HCcMOpowa WH cKOpocTH oObeMHOH AuddPy3HH HOHOB B TBeEpAON chase, powb Mo- 
ieHeH CHM2KaeTcA, HM Tpollecc MWpoTeKaeT MHOFO30HAJIbHO. 

YIVIeKUCIbIe COMM KaIuA U HATPHA B YCOBHAX OMbITa AMCCOWMUPyIOT, a 06- 
AS3YIOUIMeECA MPH STOM OKMCJIbI OONaaloT HeEKOTOPOH MeTyyecTbIO. OHnH alcop- 
Py!oTcA Ha NOBePpXHOCTH BOCCTAHaBJIMBaeMOTO COCIHHEHHA HM BCTYNAaIoT Cc He 
/PIIEKTPOHHOe B3AUMOMeHCTBHE. STUM B3aMMOJeMCTBHEM H3MeCHACTCHA KOHICHT- 
JHA SIEKTPOHHOPO HU AbIPOUHO"O rasa, BHIMOHAIOWIMX PYHKIMM NOJORKUTEMb- 
IX WH OTPHWAaTeIbHbIX BasleHTHOCTeH (“). CneqoBaTesIbHO, BBeJeHHe yKa3aH- 
IX Jl06aBOK TIPHBOJMT K H3Me€HeHHIO PeaKIHOHHOH CMOCOOHOCTH OKHCJIOB UH 
PpHTOB, T. €. K H3M€HeEHHIO CKOpOCTH Mpotiecca. 


——— —— 


: VUucruty? mMeraanypruu Mocrynuso 
Ypaspexoro dumnana Akayzemuu HayK CCCP 16 III 1959 
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rEOJIOLH S| 


B. E. AHTbITIKO 


O }OKHOM FPAHWMWE NAJIEOTEHOBOrO MOPA 
HA FOrE 3ATAJHO-CHBHPCKOH HH3MEHHOCTH 


(IIpedcmaeneno axademuxom A. JI. Anuunom 13 XI 1958) 


JlerabHble JIHTOJOro-cTpaTurpaduyecKHe UCCeqOBaHHA, MpoBeeHHb!| 
Bcecorw3Hbim TvyporeosioruuecKHM TpecTOM B Ipeedax 1O%*KHOM OKpaHHbl 3éz) 
mafHO-CuOupCcKOl HH3MeHHOCTH, MpHMbiKalollel K BbICTyMy Ka3axcKou ckJaj| 
yaTOM CTPaHbl, Ha IpOcTpaHcTBe OT 03. YJIbKeH-KapoH Ha 3amaze Jo p. Mpreu} 
Ha BOCTOKe, MO3BOJIAIOT BOCCO3AaTb NMasleoreorpaduyeckylo OOcTaHOBKy Oeps) 
rOBOH YacTH MaseoreHOBOoro Mops H YCTaHOBHTb ero TpaHHIbl B pa3JIHUHb! 
MOMEHTHI €FoO CYLUeCTBOBaHHA. : 

Mopckue NasieoreHoBble OCaqKH B Ha3BaHHOM paHOHe MpeCTaBJIeHbI JIOUE 
BOpCKOH CBHToH (cpeqHHH —BepXHHH 9OlleH) HM YeraHCKOH CBUTOH (BepXxHH} 
301eH —HH2XKHHH oMrolen). CepepHee, Ha TeppHTopuu SanmagHow CuOupr) 
JUOJIMHBOpCKaA CBHTa COOTBeTCTBYeT BePXHeH PafMOJAPHeBOH 30HE JOLLeH) 
(‘), XapakTepusyiollelica OoraTbIM KOMIWIeKcOM MuKpodayHb! c Ellipsoxyphy 
chabakovi Lipm. u Spiroplectammina carinata Orb. B npegenax cepepo-Bd 
cTouHoro cksjloHa Kasaxckoro Haropb”, K ory oT Fr. OMcKa, JIIOJIMHBOpCKa) 
CBUTa JOBOJIbHO YeTKO eMTCA Ha [Be MOACBUTHI: BEPXHIOIO PIMHUCTO-NecuaHy4 
(caKcayJIbCKYy10) HM HM2KHIOIO MecuaHO-onoKoBy1o (TacapaHCKyI0). 

CoppeMeHHad 10x%KHaA TpaHHla pacnpocrpaHeHua TacapaHCKOH NMoJCBUT| 
copnayaerT C OeperoBo MHMeH MaleoreHoBoro Mops Tol anoxH (puc. 1). C| 
9TOM TOBOPAT CileLyroulMe CPakTbI: MOM[HOCTh OTMOKEHHH TacCapaHCKOM NOACBUT| 
c ceBepa Ha 1Or pe3KO YMeHbIaeTCA, COKpalljaicb C HeCKOJIbKUX JeCATKOB Me! 
poB Jo Joe Metpa. B sToM xe HaMpaBMeHHH H3MeHAeTCA MMTOMOFMYeCKHH Ci| 
CTaB OTJO*KeHUH. Ec Ha cepepe paliona OHM NpelcTaBeHbI B OCHOBHOM xapa)) 
TepHOH Tole MepecaMBaHHA CepbIX HM 3eI@EHOBATO-CepbIX OMNOK HM ONOK' 
BUHbIX TIMH, TO Y IOXKHOM FPaHHIbl PacpocTrpaHeHHA MOACBUTHI B ee OTD 
*KCHHAX MWpeoOlalaoT pasHosepHucTHle mecku. MuKpocbayua 3fecb ormmyuaen 
OT MUKpodayHbl Toro Ke TOpH30HTa B Oolee CeBEPHBIX paloHaX 3HAUHTEJbHb| 
oOeqHeHHeM BHAOBOrO cocTaBa paMOApH HW MaJIOUMCeHHOCTbIO OCOGel O 
JIeIbHBIX BHIOB. 

CakcayJIbcKaA NOJCBUTa 3aleraeT Ha OCakKax TacCapaHcKol NosCBUTH! 6 
nepepbipa H, MepeKpbIBaH ee TpaHCrpeCCHBHO, MeCTaMH JIOXKUTCA HeTOcpe 
CTB€HHO Ha NOposbl cKaquatoro pyHwamenta. Ocalku cakcayJIbcKOH MosCBHI 
XapaKTepH3yioTcs elle OoubIWeH MHTOMOrHYeCKOH Auddepenuuanueh upu TB) 
*KeHMH C CeBepa Ha tor. JIMToreHeTH4eCKHe THM OCATKOB CaKCayJIbCKOH NOJCB 
Tbl 34KOHOMePHO paciipefesaioTcaA Mo! nyiowlaqw B BUJe BBITAHYTHIX MOO 
NapaJWIeIbHbIX Kpaio Kasaxckol ckmaquatoh crpanbi (puc. 2). HanGouee c 
BepHy!0 NOMOCY 3aHUMaIOT AJIEBPHTOBbIe TIMHbl KOPHUHEBATO-Ceporo IBeT 
coylepxKalline MUKpodayHy 3 KOMIVIeKCa BepXHel palHosApPHeBOM 3OHbI 9OLeH 
Bropol JMToreneTmuecku THN OCcaqKOB MpefcTaBseH rayKOHNTOBO-KBapD 
BbIMH TIMHMCTBIMA NMeCdaHHKaMM, COXPaHMBUIMMMCA Ha Moposax cksaluaTo 
(pyHaMeHTa HM Ha MeJIOBbIX OTJOXCHHAX K IOry OT 03. CeyleTH-TeHu3 HU 10 Mp 
BoMy Oepery p. Cenernl, BOmu3H moc. Yrombubiii. 3qecb BcTpeyaloTca O6OMI 
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ce I. Mameoreorpapuyeckax KapTa BP€MCHH OTJOKEHUA TaCapaHCKOl MOACBHTb! JOMMHBOP- 
poH CBUTBI | (cpeqHHii— BepX Hui 20ueH). 1 — MOpCKHe OTJOKEHHA JIOMMABOPCKOM CBUTEI (MOL- 
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(ICBATbI — KBapIeBO-rlayKOHHTOBbI€ Me€CKH, N€CYaHHKH WM ONOKOBHAHbIe PIMHbI; 3 — MOpPCKHe 
NIOKEHHA CaKcayJIbCKOM MOACBUTbI — omecuaHeHHble TIMHbI; 4 — npHOpexKHOMOpCKHe  OTVIO- 
HHA CaKCayJIbCKOH MOCBHTbI — PIMHMCTHIe MecuaHHKH; 5 — KOHTHHEHTA/IbHbIe OTJOKCHHA 
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KATbI —\MepeCJIavBaHHe 3eJIeHbIX %KMPHIX TIMH C KOpHUHeBbIMH aJl@BPHTOBBIMM TJIMHaMH UM 
rkamu, 6 — Oeperosble IMHHM TacapaHCKoro H CakCayJIbCKoro MopeH; 9 — coppeMeHHad 
WaHMILa CMAOWHOrO pacipoctpaHeHuA OTMOMKeHH yeraHcKol cBuTbI; 10 — mpe_nomaraemas 
)beropax JIMHMA YeraHCKOrO Mops (rpaHula cMopasMyeckoro pacipocTpaHeHua OTJIOXKeHHU 
Be coh” “cBuTbI); 7/ — BbIXOALI Ha NOBEPXHOCTb MOpo MameosokcKoro Hw omameosoHcKoro 
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JIpeBeCHHbI, OTMEYATKH JIMCTbEB, OKAMeHEBIIMe XOMbI YepBelt, OoMbIOe KoOMMYE 
cTBO paquouapuli, CIMKYysbI ryOoK, UTbl exe, MOSBOHKU PbIO, PpeKUNe NVIOXt 
ompeeuIMMble OCTATKM MOPCKHX MOvIIOCKOB. Hekotopble U3 HUX BeCbMa Hallo 
MuHatoT, 10 MHeHHIO JI. M. Muponosot, Ostrea u3 CakcayJIbCKOH CBHTbI Typ 
ralickoro mporu6a. B. C. KopHumoBol orciofa onpeseenH JIMCT KalliraHony6, 
Dryophyllum Dewalquei Sap. et Man. Oror THN ocalKoB, TaK 2%e Kak HM ep 
Bbili, HECOMHEHHO ellie OTBeEYaeT MOPCKUM YCJIOBMAM, XOTA HM HeceT B ceOe Mp 
3HaKH MeJIKOBObaA HU OM30CTH Oepera. 

Eue Jlasibule K 1ory NOACBUTa MpeAcTaBJleHa CJIMBHbIMH KBapUMTOBHAHBIM: 
MW CaXapOBHJHbIMH MecuaHHKaMH, KOTOPble 3aleraloT B Bue OTMEJIbHbIX MWIM| 
H TuibIO HemocpescTBeHHO Ha Mopofsax ckJlaquaToro dyHamenta. IlecuanuK) 
cojlep2kaT opraHueckue OCTaTKH (OTMeYAaTKH JIMCTbEB, IWIOLOB, CTeOeH M BETO} 
pacrenuit, MukKpodayHy), KOTOpble paclipefeeHb! NO MoWayqM Cc OMpeeseHHO | 
3akoHoMepHoctTbt0. IlecuaHuku HanOovlee 1OXHbIX OOHAXKeHHH, HaMpHMep B AC} 
JiMHe p. OvleHTbI, CoMep2KaT OOWJIbHbIe OTMeCUATKM JIMCTbeB HW TWIOJOB, cpe) 
KoToppix B.C. Kopxnaoso ompegenenst Andromeda protogaea Ung., Acerate} 
sp., Echitonium sophiae Web., Banksia haeringiana Ett., Myrtophyllum Wai} 
deri Lesq., Quercus neriifolia A. Br. Bo3pacr necuaHukoB, Ha OCHOBaHHH MpF} 
BeJCHHBIX ONpeselieHui, aTupyerca B. C. KopHusosol (?) BepXHHM 30lleHON) 
a CaMM MeCuaHHKN MapaseiH3yloTCA C AHAJIOrHUH‘IMH MecuaHHKaMM CaKkCayJiE) 
ckoH cBurbl CepepHoro Iipuapanpa no A. JI. Anmuny (4). B ananornunsl) 
mecuanukax K. B. Huxucoposol co6paunl, a B. A. BaxpameeBpim ompeneseH)) 
OTMeYaTKH JIMCTbEB BeYHOSEIIEHBIX pacTreHult — Quercus sp., Andromeda prc} 
togaea ung. uw Cinnamomum sp., — NO3BOJIAIOWIHe NapasJJeM30BaTb 9TH OCAIKI| 
C BePXHeSONeHOBLIMM CIMBHBIMH TecuaHHkaMM M KBapunTamu lOxuHoro Ypam) 
(*). B Oonee cepepHoli rpynne oGHaxeHHu necuaHHuKOB (palioH Oe3bIMAHHOM) 
cyxoro o3epa B 10—11 km k toro-3anayy oT 03. Aymue-KouIb) pacTHTeIbHbIe octal 
KH IIpeMcTaBJIeHbI MeJIKHMH OOJIOMKaMH BeTOK HU cTeOuleH. IlonBaaoTcA peHKTI| 
paquoiapHh uw cnukybl ryOox. Cnefzyroulan kK ceBepy rpynma oOnaxKeHn | 
(palion o3. AyMe-KouJIb) MEMOHCTPpUpyeT NOABMeHHE B MecuaHvKax rylayKOHUTE| 
OOWJIbHOH MUKpodayHbl XOpolWleH COXpaHHOCTH MH MOUTH NMOMHOe OTCYTCTBH) 
PaCTHTCJIbHbIX OCTATKOB. OTH NeCuaHHKH y2Ke BECbMa CXO2XKH C OMMCAHHBIMU BBILLE 
IIpHOpexKHOMOPCKHMH OCalKaMH BTOporo JIMTOreHeTHYeCKOrO THTIa. 

Bce 9TH MpH3HaKH NO3BOJIAIOT TOBOPHTb O TOM, TO NecCuaHHKU CaKkcayJE 
CKOM NOMCBUTbI HMCIOT B Pa3HbIX MeCTaX Pa3JIHUHbIM TeHe3HC: ec Ha ceBep 
OHH OTJlarasIMCb B OacceliHax, elle HMeBLUMX CBA3b C MOpeM, TO Ha IOTe OTJIOXKE! 
He MeCUaHHKOB IIPOMCXOMMJIO YK B KOHTHHEHTAJIbHBIX YCJIOBMAX. 

Ha oTvloxKeHHA CaKCayJIbCKOM MOJCBUTbI TpaHCrpeccMBHO JIOmKATCA xapab| 
TePHble 3eeHble JMCTOBATHIe PIMHbI YeraHCKOH CBUTbI C MpocsosMM Mepred| 
uM cufeputa. B paltionax, rpannuamux c Ka3axcKol cKmaquatok crpaHol, 3T 
ocaqkKu pnoOperaior HeCKObKO [pyro o6muK. B Bepxueli uactu paspesa mC) 
ABJIAIOTCA MPOCJION aJIeBPHTOB, MeCKOB HM ONeCYAHCHHBIX TIHH, 3e/1eHOBaTC 
CepbIX HM WOKOJaHO-KOPHUHEBEIX, COJepxKaUIUX JIMTHUT, OOJIOMKU jpeBecuHE} 
OTMeYaTKH JIMCTbeB H MHOPOUMCIeHHbIe XOfbI YepBelt. MomlHocTb Takux nepé 
CaMBalollHxCA NWadeK 3eICHOBATO-KOPHUHEBHIX TVIMH C MecKaMM JlocTura 
10—20 m u Gonee. 

YkasaHuble PIMHbI C JIMTHUTaMM WM MecKM COflepxaT XapaKTepHBIM iA Ee 
TaHCKOH CBHTbI CHOPOBO-IbWIbUeBOH KOMMIeKc, ompeqenenHpl 9. A. Konpirc 
BOH, a TaK2Ke OTMeYATKH JIMCTbEB, Cpequ KOTOpHIX B.C. KopHusosoli onpesenen 
Phyllites sp., Dryophyllum furcinerve Schm., Quercus furcinervis (Rossm| 
Heer (BepxHuif 920leH — omnroueH), a Takxe MHOroyucMeHHIe oTMmeyaTK| 
manopotuuKa Azolla vera Kryscht. | 

Komnulekc JIMTOOrMYeCKUX OCcOOeHHOCTeli ONMCaHHBIX OTIOXKeHH u yeu! 
BHA MX ZalleraHHA NO Miowlaqu (puc. 3) Mu B paspese 3acTaBJIAIOT Hac CUNTAT} 
MX OCaJ\KaMH JI€JIbTOBBIX JlaryH MH JHMaHOB. IJo Bcel BuyMMOCTH, B KOHI| 
BPeCMeHH OTVIOXKeHHA YeraHCKOH CBUTHI OeperoBad JMHUA MOpA IlyJIbCHpoBami) 

CoppeMeHHad 1oxKHaA PpaHMlla pacipocrpaneHuA ocaKoB YeraHcKOll CBUT| 
TO MOAXOMT BIVIOTHYIO K BbICTYNYy CKJaqyuaToro *yHAaMenta, 3aMBooOpasE! 
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XOJ B MOHM2KeHHbIC YYACTKM eFO, TO 3HAYHTeEIbHO — JO HeCKOJIbKUX JlecaT- 
B KHJIOMETPOB — OTXOJMT OT BbICTYNa (pyHaMeHTa, OOHAKaA OCaKU ZOLeHAa 
BepXHerO Meda, 4TO CBA3aHO C OO/Iee NO3HHM pa3MbIBOM. PasMmpIBy u mou- 
bMy CHOCy NofBepralacb TvIMHHCTaA YaCTb CBUTbI HM PbIXJaA YaCTb MecuaHbix 
oculoeB ee. OcTaHUbl TOM 4YaCTH MecuaHbIX MpocsloeB, KOTOPbie Ob CLeMeH- 
pOBaHbl B eCuaHHKH, COXPaHHJIMCb JO HaCTOALero BPeMeHH B BUe Kpyri- 
SIX IWIMT, 3aJleralouluX Ha TvIMHaX YeraHCKOH CBUTbI B JO/IMHe HH2KHErO Teye- 
a p. Cejlerbl, B O3epHOH KOTMIOBUHe Kapa-cop ceBepHoe, B yp. AKOujlaK, Ha 
BepHOM Oepery 03. Kymaiikoub u B payee Apyrux Mecr. 
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Puc. 3. Ilaneoreorpapuyeckad KapTa BpeMeHH OTJIOKeHHA YeraH- 
CKOH CBHTbI (BepXHHl 9301eH— HMXKHHM oMroueH). O6o3HayeHHA 
Te Ke, uTO Ha puc. | 


Hcnomb3yA OMMCaHHble BbIlle OCTAaHI[bl YeraHCKOH CBHTbI, a TaK2Ke aHaJH- 
MpyA MOULHOCTH HM JIMTOJIOrMIO OCaJKOB 3TOH CBUTbI Y COBPeCMeHHOH 102%KHOH 
PaHHUWbI ee CMJIOWHOrTO paciipocTpaHeHHA, MOXKHO C JOcTaTOUHOH JoleH yBe- 
DCHHOCTH TIPeNCTaBUTb MoOJoweHHe GeperoBoli JIMHHM YeraHCKOrFO Mops (pH. 3). 

BuBpou. JleratbHoe u3syyeHve muTOMOTHH, PayHbI U POpbl MOPCKUX 
aJICEOreHOBbIX OTJIOXKeHHH B Mpefeswax 1OXKHOM OKPaHHbl SamnayHo-CuOupcKon 
M3MCHHOCTH NOKa3aJlo, YTO }ORKHAA TpaHHlla NaJleoreHOBOrO MOpPA c TeyeHHeM 
DeMeHH TepesBurasacb Ha ror. B KoOHIe MOpCKOH NaJleoreHOBOH TpaHcrpeccny 
TMeYaeTCA MyJbcallua Oeperopoh wHHHH. B 9soxy MaKCHMaJIbHOH TpaHc- 
fpeccuu Mope BIMJOTHYIO HoOsxomwo kK BBICTYNy cCKaquyaToro dyHa- 
CHTa, MeCTaMH 3HaYHTeJIbHO 3aJIMBaH ero. 


Bcecoio3Hbl ruyporeomoruueckuli TpecT Tloetynuso 
i be xT 1958 


WHMTHMPOBAHHAS JIMNTEPATYPA 


1B. l.BanaxmatTosa, P.X. Jiunmau, B. WU. PomMauosBa, XapakTepuHpe 
bopamunudephi Mela HW ManeoreHa 3anaqHo-CuOupcKoli Hu38MeHHOcTH, 1955. 2 B. C. Kop Hu- 
1.08 a, Matep. no ucTopuu (ayHbl u paopEl Kasaxctana, 1, Auma-Ara 37. AH Kas CCP, 1955, 
ap. 95.° K. B:. Huxugoposna, Tp. Mucr. reon. wayk AH CCCP, cep. reon., 3. 141, 
Ne 58, 1958. 4A. JJ. A uwun, Teonorus Cesepxoro IIpnapanpa, 1953. 
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Unen-koppecnonzent AH CCCP M. H. BAPEHILOB u B. H. JMTMAP 


K ®OPMMPOBAHHIO TEHTH3CKOH * 
M KAPAFAHAWHCKOM BOAMH 


Teomormyeckoe cTpoeHve H, B UYaCTHOCTH, HEKOTOPbIe BOMpocbl HCTOpHNy 
reouloruyeckoro pa3sBuTuA Texru3ckolH wu KaparaHyMHCKOH BlaqMH (Llentpamb-! 
Hb Ka3gaxcTaH) B perHOHaJIbHOM [WlaHe OCBelLaIMCb H PpaCCMaTPHBaHCcb BI 
MHOroUMCIeHHBIX pa6otax H. I. Kaccuya, H. C. Warexoro, I. H. Kponot-# 
Kuna, P. A. Bopyxaesa, JI. [. Camoxunxosa, [. JI. Kymespa, A. A. Borganosal 
M pAya Apyrvx uccwleqoBarTesen. 

B psje pa6ot, NOABHBIUHXCA B NocueqHHe TOb, CTalH 6oee KOHKPeTHO} 
OCBellaTbCA BOMpOchl cTpaTHrpaduu, TeKTOHHKH, HCTOpHH reoslormyeckoro\ 
pasBuTua wu gp. ((*, °) wm gp.). ’ t 

Tem He MeHee, JO CHX Mop NO PAY OCHOBHBIX BOMPOCcoB perMOHaJIbHOH reo-f 
JOTHH, H3-3a Cao OOHAaXKeHHOCTH H BCe elle HEJOCTATOUHOFO OObeMa Oy poBEix! 
pa6oT, HMeIOTCA Pa3HOPeuHBbIe TOMKOBAaHHA. Tak, Hanpumep, IO. A. Saiies' 
(®) cunTaeT, UTO BJOJIb }ORKHOFO KpbWia TeHru3cKoH BMaMHbl MpoxosUT y3kuhil 
mporM6, HasBaHHbld uM KunilakcKHM, KOTOPbIM MpOTATHBaeTCA Ha BOCTOK BI 
mpegqeitbl KaparaHqMuckol BnayuHbl HW COCTaBJAeT C He «equHyIO KunlakcKko-} 
KaparaHIuHCKy!0 CHHKJIMHaJIbHYyIO 30Hy». Psafom uccseqoBatesen ((°) u mp.) 
B TOM 4HCJIe H aBTOPpaMH JaHHOM CTaTbu, YKa3aHHble MpecTaBJIeHHA He pa3~ 
JleAIOTCA, TAK KaK OHH MpOTHBOpeuaT UMelolllemyca (bakKTHUeCKOMY MaTepHally.| 

Ha OCHOBaHHH IIpOBeeHHbIX HCCIeJOBaHHH HMKe U3JaraloTcA HapsaLy Cc 
oOmlelH XapakTepHcTHKOH COBPeMeHHOFO CTPOeHHA MpecTaBJIeHHA AaBTOPOB MG! 
OCHOBHbIM 3TallaM (bopMHpoBaHHA Tenru3sckoH uv KaparaHyMHCKOM BialuH. 

B COBpeMe€HHOM CTPyKTYpHOM MviaHe Teurusckas u KaparanfuucKkas Bia- 
AMHbI NpeAcTaB/AIoT COOOH Bab THMA MeKFOPHbIX H MMEIOT B OOULEM OKpyr- 
Jible, H€CKOJIbKO BbITAHYTbIC B WIMPOTHOM HalipaBJleHHH OuepTaHHs. I paHuith 
TeHruscKoH BMaXUHbI YCOBHO NpOBOAATCA MO BbIXOZaM Ha MOBepXHOCTb OOpa- 
30BaHHH JOKeMOpuaA, HHKHeETO MH cpefHero Mameosox, a Kaparanyquuckol — 
MO BbIXOJaM NOpoy HuxKHETO —cpeHero JeBoHa. 

TeHruscKasd BMaluHa C CeBepo-sallaya u 3alafla OrfpaHHueHa COOTBETCTBeHHO 
Koxuetapckol un YaytaycKoli cucremamu aHTuKsMHOpHes. Ha tore rpaHulia ee 
MpOXOAMT Bosb Capbicy-Texrusckoro NOAHATHA, OTZenstomero TexnruscKy10 
Biiawuuy or JbKeskasraHckoH. CepepHan rpaHulla BNaqMHbI MpOXoAHT BOJb 
1ORKHOTO OKOHYAHMA CTeNHAKOBCKOM CKaquaTOH 30HbI, a BOCTOUHAA — BOJb 
Hypuuckoro nognsTua, paszeistouero Texrusckyio u KaparanyuucKyio Bia- 
JMHBI. 

Kaparanfqunckaa BilauHa Cc tora UW CeBepo-BOCTOKa orpaHHueHa cooTseT- 
CTBeHHO TekTypmacckum mu Cemu36yrvHCKuM aHTHKJHHOpHAMH. Ha Bocroxe 
KaparaHqunckad BialuHa MOMHOCTbIO He 3aMbiKaeTCa M ee Mposom2KeHHeN 
ABJIACTCA Y3KAA TaK Hasblpaemaa Ammcylckad MyJIbla, BbINOAHeHHaA BepXHe- 
JBOHCKUMH MH KaAMCHHOYTOJIbHbIMH OTJOXKeCHHAMH. 


* B mocaequee Bpema psaqom uccnegopateseli ((1,°) u ap.) Texrusckaa piaquna uMeHyeTes 
Tenusckol. CuvTaem Wemecoo6pa3HbIM BO H36exKaHHe NyTaHUUbl COXpaHUTh HasBaHHe, aHHoe MC 
HaHMeHOBAaHHIO 03. TeHTH3, pacMouoxKeHHOPO B WeHTPaMbHOl uacTH TOL BNAaLMHH. 
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|YkasaHHble MOHATHA pasvIMYaOTCA NO BpeMeHH HX 3aOKeHUA, COCTAaBY 
IMOLHOCTH CJlararoulMxX MUX NOpOA, MHTeHCMBHOCTH WM XapakTepy AucnoKalNi, 
DABJICHHIO MarMaTHY4eCKON JeATebHOCTH HT. J. B coBpemeHHom mopdbouio- 
HECKOM IWlaHe OHH MpelcTaBsAIOT COOOM HIM OTHOCHTeIbHO HeBBbICOKHe Top- 
ie COOPYKeHHA, WIM TPALbI CONOK, OKpy2xKalolllMe paccMaTpHBaeMble BUALUHEI. 
Cappicy-Texrusckoe NogHATHe, OOpasoBaBllieech B cpesHerameo3oiicKoe 
MA, OrpaHHunBaeT Tenrusckyio BialWHy C tora MB COBPeMeHHOM MslaHe mpey- 
RBISIOT COOOH KpynHbI cBon((5,+) u Ap.), B Ipelesax KOTOPoro OTYeTJIMBO 
|paxxexo mepeceueHHe HM KHENAaeCO3OHCKUX JIMHCHHEIX CKaOK BepXxXHenaeo- 
IMCKHMU = YJIbIOOBbIMH HapYMeHUsMH, MpecTaBAAIOWIMMM coOol cucTemy Ma- 
ntembunix TOPCT-aHTHKMHaeH HU pasesIAIOMIMX UX TpadeH-cHHKIMHaeH, 
it TlaBHbIM OOPa30M OTJOKeHHAMH WeBOHA H KapOoHa HM BBITAHY- 
MX B CeBepo-3alaqHOM. HallpaBJeHHH. 

|| Hypuuckoe NofHATHe, paszyematoulee B COBpeMeHHoM liane TexruscKyio 
|KaparaHiMHcKY!0 BMaMHbI, MOpPosOrMyecKH OTHOCHTELHO Cao BbIpaxkeHO 
CJIOXEHO TIaBHbIM OOpaso0M stdy3HBHBIMH NoposaMu HvKHerO — cpesHero 
BOHA, IPpOPBaHHbIMA MHTPy3HAMH TpaHHTOHAOB. OOpasoBaHue ero TakxKe 
HOCHTCA K CpefHemMy Masleo3o10. B npeyelax STOTO NOAHATUA paciosOx*KeHbl 
HABHUTEIbHO HeOOIbIuHe SaBbaAoBCKad HM CamapcKan rpaOeH-cHHKJIMHasN, 
MIOJIHCHHbI€e BePXHeEAeCBOHCKUMH WH KaMeHHOYFOJIbHbIMH OTJIOXKCHAAMH. 
Boctounad rpaxnuuia Hypwuckoro NOoHATHA BeCbMa YeTKO dbuKcupyercs 
TeHTeKCKOMy B30pocy, Tora KaK XapakTep cowleHeHHA ero c TeHruscKon 
2ayMHOK (3alayqHaad rpanula) elle HeyocraTouHO usyyeH. Bosmoxuo, uto Hy- 
J HCKOe NMOAHATHE MpecTaBiner coOok KPYyNHbIN TOpcT, pa30uTbI, B CBOIO 
Eepeb, Ha px, Coulee MemKUX TOpcTOB HM rpaOeHos. 

BuytpeHuue uactH TexurusckoH u KaparaHaMuHcKoli BnaWH BBIIOJIHeHBI 
IDULHOH TOJIMeH OTOKeHHH MeBoHa, KapOoHa, YaCTHYHO NepMU UH IOPbI  Kali- 
w30a. Bnayuubl HMeIOT pe3KO BbIPaxKeHHOe ACHMMETPHUHOe CTPOeHHe — HaH- 
liste TIPOrHYTbIMH WH MOPPy2XeHHbIMM ABJIAIOTCA HX 1OXKHbIe MpHOOPTOBble ua- 
uu. B npefemtax BialMH BbIJeIAeTCA PAX CHHKIMHaeH, MyJIbk MU pa3jesmato- 
MAX UX AHTHKIMHaeH. Bovwbilly1o powib MMeIOT JM3bIOHKTHBHbIe HapylieHuA 
!36pocnr, COpocbl H HaBUrH), BeCbMa YCJIOXKHAIOWIMe CTPOeHHe STHX BMAaHH. 
Bech pa3HooOpa3Hbl KOMMJIeKC OCaJOUHbIX, MeTaMOpHyecKUX HM MarMaTH- 
»CKHX OOpa3s0BaHHH, MPHHUMAIOLMH yuacTHue B CTPOeCHHH Kak CaMMX Bay, 
1K H UX O6pamseHUH, OOpasyeT TPU pe3KO OTIHUHBIX [pyr oT Apyra cTpykTyp- 
PIX 9TA2KA, KOTOPHIe OTPAKAaIOT OCHOBHHI€ SMOXH TEOTEKTOHMYECKOTO PasBUTHA 
ACCMaTPpHBaeMOlh TeppHTOPpHH — KasieJOHCKYyIO, epUMHCKyIO HM aJIbiMi- 
Kyto. 

| B kKamefoucKylo 9n0xy CK a_uaToOcTH B cpeqHel uacTu Ypa- 
p-CaatHCKOH TeOCHHKJIMHaIbHOH OOacTH B Tpeyesax paccMaTpHBaeMol Tep- 
MTOPHU Oblla OOpasoBaHa CMCTeMa AHTHKJIMHOPHEB HM CHHKIIMHOPHEB. 

B crpyKTYpHOM MvlaHe HW2KHEeMaleo30HCKoro BpeMeHH BbiesoTca Kupelt- 
‘KM AHTMUKJIMHOpHH, mepecekaioulMH Teuru3ckyl0 BiialuHy B ee COBPeMeHHOM 
jane IIpHMepHO B cepeqHHe (yepes 03. TeHru3) B CeBepo-3alalHOM HallpaB- 
HeHMH, OCKYJIMHCKHH CHHKJIMHOPHH, oTJeIAouMu ViyTraycKui aHTHKIMHOpHu 
r Kupelicxoro, u KoxckuH CHHKIMHOpHH, pacnmOvlOxKeHBbIM K BOCTOKY OT 
jocuietHero. Ha mecte coppeMeHHoro HypwHCkKoro NOLHATHA, pase ArIollero 
jeHru3cky1o u KaparaHyHHcKylo BMaMHbl, MO-BHAMMOMY, HaxofMslacb CeO- 
IMHa Mexity Epemeutay-Hua3ckum u Bysatray-AracylicKuM aHTHKJMHOpu AMA. 
TH CTPYKTYPbI, KaK YKa3bIBasOCb BbIllle, MMe MpocTupaHua, OM3KHe K Me- 
JHJ{MOHaJIbHOMy, 

|| Or Epemenray-Huascxoro u Bynarray-Aracylickoro anTHKJIMHOpHes (*) K BO- 
TOKY OTXOAAT HeCKOMbKO BUPralMOHHbIX BeTBeHl — AHTHKJIMHOpPHeB y2Ke cyO- 
liMpOTHOrO HanpaBleHua — KapayswoxKo-Unurusckul, TexrypmMacckui u Jp. 
Aexky Ha3BaHHbIMH aHTHKJIMHOpHAMM pacmomaramca KaparaHqMHCKMH CHH- 
JIMHOpUH. 

| C KaneqoucKoH smoxol pa3BuTHA CcBA3aHO POpMHpOBaHHe HWXRHEFO CTPyK 
lypHoro 9Ta%Ka, KOTOPbIM CJIOKeH CHJIbHO MeTAaMOP@H3OBaHHBIMA HM CJIOXKHO 
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JMCJOWUMpOBaHHbIMM JOKeMOpHACKHMH M HMKHeIaleosoHcKUMH TOposamMy rec! 
CHHKJMHaJIbHOrO THMa, MpOpBaHHbIMH OOJIbUIMM KOMMUeCTBOM MHTpy3Hi. jj 
Tlopogpt Hu2KHero CTPyKTYPHOrO 9Ta2xKa, MpeycraBrsaroljue coool PyHAameH| 
BMaqMH, CMATHI B CepHIO MpPeHMYUIeCTBCHHO H3OKJMHAJIbHBIX H BeepooOpasHbl | 
CKlalloK, HMeIOWUX PiaBHbIM OOpa3s0M OuIM3KHe K Me€PHAMOHaJIbHOMY MpocTH} 
panusa. JIMHHH AM3bIOHKTMBHbIX HapyWleHH B OCHOBHOM CorviacytoTca Cc Mpdi 
CTHpaHHAMH CKslaquaTbIX CTPyKTyp. 
Ilo BpemMeHu 3aBeplleHHA CKaquaTOCTH HWXKHMM CTPyKTYPHbIM 9TAaxK OTBE| 
yaeT KaJleJOHCKOMY IHKsIy TeKTOreHe3a. B To xe BPeMA CJIeyeT OTMETHTh, 4Ty 
pa3svIMuNA B CTeMeHH MeTaMOpdv3Ma HM JMCJIOWMpOBaHHOCTH JOKeMOpHiicKH] 
VW HM KHeMaleosoHcKUX OOpas0BaHHli, HasIMuMe NepepbIBOB HM HecorlacwHH B MIC) 
poax STOrO BOspacTa CBHAETEbCTBYIOT O JWIMTEJIbHOCTH Pa3BHTHA HW MHOTC 
KPaTHOCTH TeKTOHHYeCKHX (has pH ChOpMHpoBaHHH HM2%KHerO CTPyKTyPHOr} 
aTaka. 
TepuuuHckKuM WHKAOM TeKTOreHesa CYUIeECTBOBABIUIMH O 9TOr| 
CTPYKTYPHBbIi WiaH B 3HadHTeMbHOM cTeneHH Obl MepepaOoTan. CpeqHuu cTpyr 
TYPHbIM 3TAXK MO OTHOWICHHIO K HH2XKHEMY ABJIACTCA HaJIOMKCHHbIM, HO B TO %) 
BDeMA B paCnONOxKeHuM CKsaqOK B Mpesewax BHYTPpeHHuX uacTel Buanud 
B OOUIEM YCTaHaBJIMBaeTCA YHACJICEOBAHHOCTb OCHOBHBIX HallpaBJIeHHH Mpocty 
PpaHHA HW KHeMaleo3OHCKHX CTPYKTYP, XOTH BbIpaxeHa OHa cila6o. C stor! 
BPe€Me€HH paCCMaTPpHBaeMadA TeppHTOPHA BCTYNaeT B MapareOCHHKJIMHaJIbHy]} 
cTafluio cBOero pasBUTHA. \ 
Hayao feBoHcKoro MepHofa XapakKTepH30BaJI0Cb pe3KHMH JBH2KeHHAMs 
3eMHOM KOPbl MW COMpOBO*KLaOCb MOULHbIMA H3JIMAHHAMU 3acdPy3MBHbIX Mopo}| 
B pesyipraTe STHX JBYXKeHH B Mpesemax paccMaTpHBaemMoH TeppuTOpHH Hy 
MecTe OICKYJIMHCKOFO CHHKJIMHOPHA 3aJlOMKMVJICA MpOrHu6, OXBAaTHIBAaIOMUMH YaCTHUHE 
coBppemMeHHble JKe3Ka3raHCKy!0 HW 3alafHy!0 NOJOBHHY TeHru3cKoH BMajMHBl, | 
Take pa3jesaiouee ux Cappicy-TexruscKoe noqHATHe. i 
Takxe yHacmeqoBaHHO MposouKaM mporMOaTbcA BocTouHaA uyacTb Ter! 
TH3CKOH BUaMHbI B €€ COBPEMCHHOM IlaHe, paciOJIO%KeHHaA B Mpesesax Hux! 
Hemaleosolickoro Konckoro cuHkiuHopusa, H KaparanquncKkuit cuHKMHOpHly 
IIpu 2ToM B OO/lacTb MporMOaHHA OblIM YaCTHUHO BOBJIEYeHbI UM aHTHKMMHOpHY 
paseABLUIMe yKa3aHHble CTPYKTYPbl. 
B koule JeBoHcKoro Mepuoga B mpesemax paccMaTpHBaemMow TeppuTopH| 
oOpa3o0Baslacb B OOWLeM eMHHaA WeNpeccHOHHaA 30Ha, OXBaTHIBalOIad TeppurTc| 
puio coppemeHHbIx ]KeskKa3raHcKoH, TeHruscKol u KaparaHyquucKo Bualuk} 
HyxknenasleosoHcKHe AHTHKJIMHOpHH XOTA HM ObWIH, MO-BHAMMOMY, HeCKOJIbK| 
CHHBEIMPOBaHE! MOCJEXYIOUIMMM JeHYalMOHHBIMM Mpolleccamu, B TO 2xKe BpeM| 
NO-MpexKHEMY OKAa3bIBaIH BeCbMa CYIeCTBeHHOe BJIMAHMe KaK Ha XapaKTep | 
paciipefesieHve OCaqKOB, TaK MH (OPMHPOBaHHe CTPyKTyp CpeHero 9sTaxKa. 
B KoHIle HMKHeH HM B TeYeHHe CpeHeH KaMCHHOYTOJIbHBIX 39I0X HapAyy 
OOWLMM NOAHATHeEM CKJIaquaToro Ka3gaxcraHa, XapakTepH30BaBIIIMMCA Kpalir 
HeYCTOHYMBbIM P2KXHMOM KOVJeOaTeIbHBIX JBHXKCHHH, MPOMCXOAUT pesKoe U3Mé 
HeHHe CTPyKTYpPHOrO WJiaHa pacCMaTpHBaeMOH TeppuTOpHH, MpHyem mpemnc 
CbIUIKH JIA STOO, BO3MO2KHO, ObWIM 3aJIOXKeHbI elle B JeBOHE. 
CyulecTBOBaBLUIHH JO STOTO B OOIWeEM KaK eMHbI CeMMeHTallMOHHb, 
OaccetH JKe3kasraHo-TenruscKko-KaparaHMHcKuli mporu6 B pesyaptate ud 
(pepeHUMPOBAaHHBIX TIbIOOBO-cKaquaTbIxX JBYXKeHHH, OOpasoBaBsmmMx Cappicy 
Teurusckoe u Hypuuckoe NoXHATHA, paculeHHsicd Ha TpH CaMOcCTOATeIbHb 
CTPYKTYPHble CLHHHIbl — BIaNMHbI, TpaHWIlbl KOTOPbIX B HacToslee BPeM 
MOPYT ObITh BOCCTAHOBJIECHbI B 3HAYHTebHOH cremeHH ycuoBHO. B nocneLyK 
IMM MHepHO TreoJlorH¥ecKoro BpeMeHH CTPYKTYPHbIi Mian paccMaTpHBaeMo 
TePPpHTOPHH B OOULeM 3HAUHTe/IbHO He u3MeHHcA. [IpoqomKapmiueca mudbeper 
IMpOBaHHble KOJIeOaTeJIbHbIe JBYXKeHHA OOYCIOBMIM BeCbMa 3HaUMTeIbHb 
KOeOaHHA MOUHOCTeH OMHOBOSPaCTHBIX OCaKOB KaK B Mpefedax KaxKo 4 
BayuH, Tak HW MeK]yY HMMH. 
C replHHCKHM IMKJIOM TeKTOreHe3a CBA8AHO OOpasoBaHHe cpesHero CTpy! 
TYPHOPO SsTaxka. ITOT 9Ta%K CMO2%RKeH MeHee AMCAOMMPOBAHHBIMH cw1a6o MeTaMO} 
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W3OBaHHbIMH HW HOPMaJIbHbIMH OCaNOUHbIMM NOposaMu eBoHa, KapOoua (Kapa- 
MAHIMHCKad BoayMHa) H nepmMu (Tenrusckaad Boaquna). MarpysuBHpix mopor 
O CpaBHeHHi0 C HH2KHUM CTPYKTYPHBIM 9TAXKOM 3]eCb 3HAUHTeEIbHO MeHbILe, 
pio 3aTO WIMpoKoe pasBuTHe mpHoOperaiwrT sdppy3uBHble NOposE. 

| iia cpequero crpykTypHoro 9TaxKa XapaKTePHbIM ABAAeETCA pa3BHTHe 
\[aBHBIM OOpasOM OOMWMPHbIX H NOJOrHX CHHKIMHasei, MyIbL HW pasenmoulx 
X aHTHKIMHaJel. 

JIM3bIOHKTHBHbIe HapyWeCHHA MpeMMYUIeCTBeHHOe pa3sBuTHe MpHoOperaior 
NOM }OXKH‘IX OOPTOB COBPEMeHHBIX BIaMH HM MMeIOT y2Ke B OCHOBHOM CYyOLIM- 
POTHEIC HanpaBJleHuA, B OTMM4HEe OT MCpHAMOHAIDHLIX HallpaByleHui, XapakTep- 
IbIX JWI HM2KHeEFO 93TaxKa. 
i| CatbunuucKkow CKAaLYaTOCT b 10 CBA3AHO OOpasoBaHue Bepx- 

fiero CTpykTypHoro 97TarKa. C sToro BpeMeHH paccMaTpHBaemaa~ TeppuTopus 
SCTYIMIA B YeTKO BbIParKeHHY!O TvlaTPOPMeHHY!IO CTaMIO CBOerO pa3sBUTHA. 
| Ilopogbl BepxHero CTpyKTypHOrO 93TaxKa Cc pesKHM cTpaTUrpaduyeckuM 
PuecoriacHeM 3aJleraloT Ha NOACTHMAOWHX OTIIOMKeHMAX. 

_ B Tenrusckol BnaquHe BepxHHli 9TaxK MpelcTaBJIeH BepXHHM TpHacom — 
iWMKHEH 1opoh (?) — Kopa BHIBETPHBaHHA, TPeTHYHBIMM HM YeTBEPTHUHbIMH OTIO- 
:KeHMIMH, a B KaparaHMHCKoH BlayqMHe —1I0pCKMMH, TpeTHUHbIMM HM 4eTBep- 
MUHBIMH. 

TeKTOHHYeCKHMH JIBH2KCHHAMH KHMMepHHcKol ca3bl CKaquaTocTH ropcKHe 
TMOKeHHA (KaparaHwMHckad BMayuna) ObwWwIH JUCMOWUMPOBaHbI B IWMpoKHe U 
f4eHb NOMOrve CTPyKTYpbI NaTdopMeHHOro THNa. OfHOBpeMeHHO OOpa30Basica 
PAN HOBBIX Pa3JIOMOB HV TJlaBHbIM OOpa30M BO30OHOBHVIHCh JBH2KCHHA TIO paHee 
N YULeCTBOBaBLUMM JH3bIOHKTHBHBIM HapylleHuaM. B pesysbTaTe 3THX TBH KeHHH, 
SO80OHOBJABLIMXCA, BEPOATHO, H B MOCMeyIOUMe MepHOsbI reosorMyecKoro Bpe- 

eH, Mectamu (TexTeKcKui B30poc H Jp.) OTJIOMKeHHA KAMCHHOYTOIbHOH CHCTeMbI 
bKa3aJIMCb B TCKTOHHYCCKOM KOHTAKTEe C JIEROHCKHMH 3dpPy3HBHbIMH OOpa30Ba- 
kuamu. B Tenrusckolt Bnaguue B 3TOT nepHoy mpeoblayaiu mpoleccbl spo3nnu. 
B MeoBol HW TPpeTHUHIM NepvHoOsbl B pesyIbTATe KOMeOATeIbHbIX JIBHXKCHHH 
KCA PACCMATPHBaeMad TeEPPHTOPHA MOABepracb B OCHOBHOM Iipoleccam JleHy- 
{aUMOHHOTO BbIPaBHHBaHHA. Jub B KOHUe OJMTOWeHOBOTO BPeMeHH B pe3YiIb- 
faTe OOlero oMmyckaHHa Bceli TeppuTopuu LlentpambHoro Ka3axcraHa mponc- 
SOJMT HaKOMJICHHe MeCTPOLUBeTHHIX, IPCHMYLWIECTBEHHO THIMCOHOCHBIX TVIHH, 3a- 
IOJHUBIUMX WHpOKHe UM riyOoKve ApeBHue JOJMHbI H CTPYKTYPHO NOHMKeHHbIe 
yaacTKH, 

B verBepTHuHblii MepHol YaCTH4HO COXpaHAIOTCA TeHJCHIMH K YCTOHYMBOMY 
Orpy2KeHHIO HU MPOHCXOAUT OKOHYVATEIIbHOe (POPMH POBaHHe COBPeMEHHOLO CTPYk- 
rypHoro Mana. 
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TEOJOPH SD 


lr. 1. HYBAPb 


O HAXOJIKE WAMOSHTOBbIX NOPOW OOJIMTOBOrO CTPOEHHS 
B JIEHCKOM BACCEMHE 


(ITpedcmaeaeno axademuxom J. B. Haauexunoim 17 II 1959) 


Jlerom 1956 r. Hamu MpoBosMHcb HTOMOruYecKHe padoTH B JleHcKoM 6ac-! 
ceiHe, Ha TeppHTopuu PKuraHcKoro paliona. 
Llenbto 9THX HCCIeAOBaHHH ABIANOCb H3y4eHHe YCIOBHH HaKONJIeHHA Me3so-F 
30HCKOH yruieHocHoH Tou. IIpH ee H3y4YeHHH HAMM ObIWIM BbIJeIeHbI H ONH-| 
CaHbl MOPCKHe NOACTHMAIOMIHe OTOXEHHA IOPCKOFO BO3PacTa, B KOTOPbIX OBI) 
OOHAPy2KeHbI WaMO3HTOBbIe MOPOALI oomMTOBoro cTpoeHus. Topu3o0HTbl, co-} 


Wep2Kalve IWaMO3HT, SasleralorT Cpe MeCYaHO-FIMHUCTHIX NMOpo BepxHeros 
mleHaca HW aasieHa. 
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Puc. 71. Tlnaw pacnonomkenua pa3sBeqaHHbIX CKBaxKHH 
NoNe 42 yn 65 


HanOosbuiero BHAUMaHWA 3aCsYy2KMBaIOT OOMUTOBLIE MOpob aaseucKoro Boss 
pacTa, KOTOpble MPHHATHI HAMM 3a ONOPHIi Topu30HT cpeqHeopcKUXx MOPCKH “ 
OTO2xKeHHH. OH BbIeAeTCA B CKBaxkHHe Ne 65 Ha rayOune 230 mM (moutHocTs! 
~ 15M) u BCcKBaxnHe Ne 42 na rayOune 345 mM (moulHocTh ~ 2 M), paccTosHue| 
Mexly KoTOpbima 20 xm (pue. 1). | 

MouiHocTb wamo3svToBoro ropu3oHTa 2—15 m. 

Ilo BHemHemy o61nKy wamo3nTOBBIe MOPOAb seeHOrO WBeTa c MemKUMH| 
OypoBaTbIMH NATHBILIKAMU, TVIOTHHIe, HECIOHCTHI€, C BKJIOUCHHAMH KDPYMHBIX| 
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TVIGHHbIX PaCTHTeJIbHbIX OCTATKOB HM KPYMHbIX YIIOBaTbIX MecuaHO-rviMHH- 
iX TaieK. HepeqkKo B lWaMosuTOBOH Nopose BcTpeyaeTca ucKONaemas cbayHa, 
ropawA YKasbilBaeT Ha aaJIeHCKHH BOspacT. BoTseubHbIX MecTax NO O6JIOMKaM 
BeCHHbI H (bayHe pa3BHBaeTCA MMpHT. 

‘IWamosutopas nopofla Moxer O6bITb Cc ycmexoM HCNOuIb30BaHa B KayecTBe 
OKMpytollero ropusonta (*) cpeqH MOpcKHX oTJO*KeHMH Oph. AanencKuit 
MOSHTOBBIH' TOPH3OHT OUCH JIerKO y3HaeTCH MO XapaKTepHbIM MaKPOCKONH- 
KMM IIpH3HakaM, NO dayne 4, 
pe TOrO, XOpPOO BbielneTca 
umudax (puc. 2). Bce stTH oco- 
HOCTH JlealoT CFO OTJIMUHBIM OT 
OTOHHOH cepok MecuaHo-rvIMHu- 
oH TOJIMIM WH WaioT BO3MOXKHOCTh 
: OJIb30BaTb eFO JWIA KOppewsa- 
HM CpeHeIOpCKHX pa3pe3os. 
|IIpH mMukpockonnyeckom n3y- 
MH ObWIO BbIACHeHO, UTO Mla- 
B3HTOBbIe MOPOJbI MpeACTaBJIeHbl 
KO3e€PHUCTbIMH HU pa3HO3epHH- 
DIMM TeCuaHHKaMH, WIA KOTO- 
(X XapakTepHO OOJIblUIOCe KOUJIN- 
OTBO SVJIIMNCOMabHbIX HW IWa- 
EBbIX OOJIHTOB WaMO3HTa, pa3Me- 
ou 0,1—0,5 mo. 

OcHOBHBIMH KOMIOHEHTaMH M10- 
Jbl ABJIAIOTCA OOJIOMKH KBaplla, 
jeBbIxX LINaTOB (mularvokK1a30B 
{KaJIMeBbIX TOJICBbIX LINAaTOB), 
mara, MarHeTHT; OOJIMTHI IWa- Puc. 2. IWamo3uTopas Nopona us cKBaxKHHbI NOB5 
8HTa, TaJibKH IMWeC¥aHO-lvIMHH- (cmoH 24). WUlamosuT oonmuToporo cTpoeHHA. 
IX TOPO M eMMHMUHbIe 3epHa 45x, 6e3 avasusaTopa 

cKoBuTa u OnoTuTa. B windax 

JHAPY2XKEHbI AKILECCOPHbIe MHHEepavIbl: WHPKOH, PpavaT HM SMMJOT. 

| Llementupyerca o60MOuHBIH MaTepHasl rmaBHbIM OOpa3s0M KapOoHaTHEIM, 
(OPHTOBbIM HM FIMHHCTbIM I[eMeHTOM. OTH WeMeHTHPYIOUHe KOMMOHEHTHI B pa3- 
NX yuyacTKax MOpOfbl BCTPeyalOTCA B Pa3IMUHbIX COOTHOMIeHHAX, HepelKo 
/pe3KHM MmpeoOsaqaHHeM OfHOrO H3 HX. 

Tlo Tuny wementauHH MoryT ObITb BbIfeseHbI WeMeCHT COMPHKOCHOBeHHA, 
)POBbIM, BbINOIHeHHA, KpycTHuKawMOHHbIM. BobuwloH 4acTbio BCTpeyaeTcH 
[MCHT CMeIUAHHBIM, BKJOUAIONIMH BbilllenepewncieHHble pasHoBunocru. I Ipe- 
JlajlaeT MOpOBbI THM WeMeHTAaHH HM BbINOJHEHHA, OCTAJIbHbIe BCTpeyaioTca 


i 


| 


1 
ty 


ee = ~ re 


| O6soMouHbIe 3epHa MHHEPaJIOB MpeHMYLecTBeHHO MO YOKaTaHHble H Mosy- 
rIOBaTbIe, perxke YruloBaTble. CpaBHHTeEJIbHO PeMKO BCTPeyaloTCA KOPPOMMpoBaH- 
Ie 3ePHa.' 
| Kpaptl Bcrpeyaetca B Bue CBexKHX 3epeH, HepeAKO TpellMHoBaTHIX. IIpy 
KJIIOUCHHOM aHaJIM3aTope 3epHa KBaplla HMeIOT paBHOMepHoe Moracanne. 
Tlonepnie’ minaTbl mpescTaBsieHbI MWwiarvoksla3aMH, MHKPOKJIMHOM HH OpTo- 
a3soM. Ora rpyima MMHepasoB MosBepraacb HaMOOJbIMM H3MeHeEHHAM. 
Ho KHCABIM mlarHoKsa3aM 3aMeTHO pasBuBaeTCA CepHUHT, MO Oomee OCHOB- 
HBIM —COCCIOPHT. SepHa OpTOKsa3a GosbIeH YaCTbIO B pa3IMYHOH CTeneHH 
KJIMTH3HpOBaHbI. B cpaBHUTeJIbHO CBe?KeM COCTOAHMM HaOJOfaeTCA MUKpO- 
muu. Muorga BcTpeyaoTtca OOJIOMKH MHKpornepTuta. 
TematuT umMeeT (POPpMYy OBAJIbHbIX XOPOWO OKaTaHHbIX 3epeH Oyporo pera. 
MaruerTuT mpefcTaBleH YepHbIMH 3epHaMH yruoBaToH dopmbl. MxHorga on 
aGIOMaeTCA B BHAe MCHAPUTOR, MPOHU3bIBaIOWIMX CMexXHbIe OOJOMOUHBIe 3epHa. 
Illamo3uT HaGm10faeTCA B Be KOHIeHTPHYeCKHX, perke B Bue KpycTudu- 
jAIIMOHHBIX OOpas0BaHHli BOKPyr OOJOMOUHBIX 3epeH, MPH STOM 3eJIeHbIe OOJM- 
lode 635. 


Tl aMO3uTa Yallle Bcero OOpasyl0T¢csA BOKpyr 3epeH TemaTuTa. Takum nyTe) 
IaMO3HT KOHILeHTpHuecKH OOJIeKaeT OOJOMOUHbIe 3epHa MH OOpasyeT OOMHTI) 
B I€HTPabHOH YaCTH KOTOPbIX pacnOularaloTCA KPHCTaM3aWMOHHBICe WeHTI} 
MIpeACTaBIeHHbIC KBapIleM, MOJIeBbIM WiMaTOM, MarHeTHTOM, Walle BCero TeM/ 
THTOM H pexke OGJIOMKaMH OCaOUHbIX NOpod. 

Taneunpili MaTepvas mpefcraBsleH OKaTaHHbIMH OO/JIOMKaMM aprHJiJMTy 
aJIeBPOIHTa, CPaBHHTeIbHO pexke mecuaHika HM HMeeT Pas/IMYHYy!O BeJHUHE} 
(1—5 cm). | 

MyckosBuT 4 ONOTHT BCTpeyaloTCaA B Bue CAMHMUHBIX Yelllyek, MPH 9TOM Uf 
WWyHKH MYCKOBHTa UMeIOT CBexUH OOIMK, a YeWyHKH OMOTHTA 3aTPOHYTHI Mp} 
WeccOM XJIOPHTH3allHH. | 

Kak Bplllle yKa3bIBaslocb, B WaMO3HTOBOH Mopoye BCTpewaloTcA mMecuaH}) 
TIMHUCTBIe TaIbKH, YTO yKa3bIBaeT Ha HersyOoKHH MW MOMBM2XKHbIM XapakTé) 
6acceliHa, B KOTOPOM MpoucxosusO Hx O6pa3soBaHHe. Kpome Toro, B Nopoy 
VHOra HaGOLaeTCA KOHTIOMepaToBad TeKCTypa, Te POJb rasek urpatorT K} 
CKM WWaMO3HTOBOL Noposb. HaxoxxeHve radieK WaMO3HTOBBIX OTJOXKeHHH B UT} 
MOSHTOBOM Mopose elle pa3 NoATBepxkAaeT OOpasoBaHHe HX B MOABUXKHOH MOF 
CKOM cpejle. 

Huxke MpHBOLMTCA HeNMOHbIt XUMMYeECKHH aHasIH3 (B BeCOBbIX MpoleHTa:) 
UlaMO3HTOBOH MOPOsbl: i 


Ne o6p. SiOz, TiOg {AlgO; Fe,03 FeO MnO MgO CaO CreOg3 Cymma 


65/24 43,07 0,80 14,23 7,38 17,22 0,66 2,02 4,10 wer 86,48 
42/24 25,13 0,45 6,37 6,44 15,26 0,64 1,88 20,18 ner 176,32 


Ilo WaHHbIM CHeKTpaIbHOrO aHasv3a, WaMO3HTOBbIe NOPObl B HeOOJIbIH 
KOJIMYeCTBAX COJep2xKaT CBMHEL, BaHayul, HHKeJIb, WHHK UM TaJViMH. 

OoJIMTOBbIe 2Kesle3Hble PyAbl B CTpaTHrpadwyecKOoM OTHOLWIeCHHH U3BeCTH 
OT OKeMOpHickoro JO HeOreHOBOrO BPeMeHH BKIIOUNTebHO (7). B CCCP u ¢| 
pyOexKoM C HHMH CBA3aHbI KPyMHble MecTOpO*KJeHHA 2Xele3a (MecTOpoxeHH| 
Kpusoro Pora, Kypckoli MarHuTHOH aHOMaJsIMH, OOMHMTOBBIe *KelesHble py! 
Kepuenckoro momyocTrpopa 4 px Apyrux). | 

CyMMUpys IpHBeyeHHbIe BbIle JAHHbIe, MOXKHO CeNaTb CieyIoulMe BbIBOLE! 

1. Iamosutosble nopofsbl oomuToBoro crpoeHua Jlencxoro Gaccelina (KI 
TaHCKHH paHoH) OTHOCATCA K NOJBH2KHbIM MeJIKOBOAHbIM MOPCKHUM OOpa3oBi 
HAM. 

2. IWamosuToBbli TOPpH30HT MOxKeT ObITb MCNOMb3OBAH JIA KOppeAMu 
MOPCKHX OTJIOXKeHHH cpeHel topbl. 

3. Bospacr OouIMTOBBIX NOpod OT HHXKHEIOPCKOrO JO CcpesHelopcKoro — HH3: 
BepXHero Jieliaca WU aasleHa. 

4, Haxofka lWaMosHTOBBIX Nopox B PKuraHCKOM paiioHe MOxKeT CJIY2KUT 
MCTOUHHKOM JIA HalpaBJICHHA MOMCKOB MPOMBILLLWIeCHHbIX OOJIMTOBLIX 2KeJIe3HBI 
py B JleHcKom Gacceliue. 


Tlocrymuuo 
11 II 1959 


IHTHPOBAHHAA JIMTEPATYPA 


1[f. I. Dy6aps, H. B. Ws anon, JAH) 117, Ne 6, 1037 (1957). io aE 
BoxXatckuH, H3s. AH KasCCP, s. 2 (1949). 
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Horuayn Akagemun nayr CCCP 
1959. Tom 126, N 3 


MHHEPA/JIO.LH fA 


A. Il. BOBPHEBHY, ©. WH. CMHPHOB u akagemuk B. C COBOJIEB 


KCEHOJIMT 3KJIOPHTA C AJIMA3AMH 


|| B kumOepsiute TpyOKu «Mup» Onl OOHapy2KeH BeCbMa HHTePeCHbIMl KCeHOJMT 
NOrHTa C OOJIbLIMM KOJMYeCTBOM BHJUMbIX aJIMa30B, J11I0Ge3HO NMepesaHHbiit 
K. lOpxesuyem u JI. M. SapeukuM apropaM AVIA JaibHeMuwMx uccesoBaHHit. 
Tlopoga npegcrapsaet co6ol rpyOo3epHucTHI arperaT KpacHO-opaHxKeBoro 
iaHaTa HM TEMHO-3eIeEHOrO MOHOKJIMHHOFO MMpOKceHa, B MaCCe KOTOPBIX 3a- 
(IOUCHbI OKTASAPhI aIMa3a. COBMeCTHO C aJIMa30M HaGvIlOaoTcA HAMOMOpdHbIe 


Puc. 3. Mauomopdpuoe 3epHo rpaHata HM MOHOKJIMHHbIM MMpOKCeH (CO CNaliHocTbio). 
B mupoKceHe BUAHEI yeulyiku rpadutra (yepHoe). Hux. jj); 15 xX 


bbuctasimbl rpacura (puc. | u 2, cm. BKwieHiky K cTp. 616). IlopepxHoctb KceHo- 
uTa, KaK OOBIUHO, CrvlaxkKeHHad, MOXOKaA Ha MOBEPXHOCTb OKATAHHbIX Tasiek. 
HirpykTypa mopogbl rpaHoOsactopaax. BewwunHa 3epeH MHHepasoB oO 5 MM, 
IhIMUMHa KPHCTaJJIOB aIMa3a MHOra > 2 MM. 

|| Tnapuble MHHepaJbl MOpodbl —rpaHaT HM MOHOKJIMHHbIM MHPOKCeH, BTOPO- 
ieneHHbIe MHHepaibl — asIMa3 u rpadut. M3 BropwuHbix MMHepasOB A3spelka 
ItTpeualoTca YelllyHkH :loronuta, poroBadt OOMaHKa H 3eMJIMCTbIe MpOLYKTHI 
MA3pylleHHA TMpoKceHa. 

| Tpanar (puc. 3) cocrapiser Gonee 50% nopospl. ON BcTpeyaeTca B Buze 
NMOMOPDHbIX HIM HeMpaBHJIbHbIX 3epeH. [loKa3aTeJib MpenOMeHHA TpaHata 
767-++0,002. Koucranta Kpucrasmmueckol pelleTku a = 11,542 KX, T. e. 
*CKOJIbKO MOBbIMeHa Jake MO CpaBHeHHIO C YHCTbIM aJIbMaHJMHOM, UTO Xa- 
AKTeEPHO JIA PpaHaToB M3 KuMOepsuTOB (*) M UX BKJIOUeHHH HW CBASAHO C To- 
pIICHHbIM COJepxKaHHeM KaJIbIMeBbIX_ KOMIIOHCHTOB. 
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B ra6n. 1 u 2 npuBogquTcA xHMHYeCKHM COCTaB rpaHaTa B Wa 
llepecueTe Ha KceHouMT (aHasM3 BEIMoTHeH 9. A. KomecHukoBou 5 a 
Topun AMaKHHCKO 9KCMeAMIMH) M COCTaB rpaHaTa B MepecueTe Ha 
KOMMOHeEHTHI (OOpaser, Me 1). 

Ta6muua 1 


1 


: O6p. O6p. O6p. 
et ae Ne 8 No 4 Ne 5 
; 44,82 | 44,67 | 41,78 | 40,52 | 39,50 
ree 0.04" 0,84 1 O;tTe Onan 0746 
Alsop |. 21°60. | 48756. | 49,60 | 22,39. | 924/53 
Fe: Pita Maly e's Bend alr I 1°05 
Gry 004° | 4:29 | -2y68 af ee 
FeO 13,99 | 7.52 | 5798 | 415,25 
MnO 0159 al oO. 37 iy Oe Ss 0.66 
MgO 9°36 | 19°48 | 20,30 | 414,28 785 
a0) Sabo 2h (eheae ke UeOG 834 
HO be O52 5) Og ci “ 
. 100,15 | 99,88 | 100,26 | 100,47 | 100,00 
Balti 1,767 | 1,736 | 4,743 | 4,762 | 4,973 
ay, «xX | 141542 | 117547 | 413524 | 413580 | 14/565 


. at 1 
Kpucrasoxumuyeckad (opMywia rpaHata: (Feri, Mgi,10, Mrto,o3,Cao,as) 2,ee4 
- (Aljoo Fepi1)3,10 [SiO,]s. - . 

( PaccuntadHblii moKazaTenb mpesiommeHua (7) papex 1,777, ae HECKOJIbK! 
Oomblule H3MepeHHOrO, pacc4uMTaHHaA KOHCTaHTa pellleTKH 1,545, uto nom 
MH. 9 

coBiaylaeT C MpHBeJeHHbIMH MaHHbl : 
B ra6a. 1 uv 2 Wiad CpaBHeHHA MpHBeeHbl Tak2Ke pee ai a 

: JHOUCHHA MepHAOTHT i 

YeTOM JWIA CJIERYIOUIUX PpaHaTOB: H3 BK ( 
ee a E TpyOKu «Uomyp» (o6pasey Ne 2 
TaOauna 2 H3 BKJIOUCHHA SKJIOMMTa B KUM 

Oepute TpyOKu «Mup» (o6pa3ek 


O6p. | Odp. |} Osp. | Odp.}| Oop. Ne 3); u3 BKAIOUeHHA GoraTo' 

Eg me Ris | MS Se anonasens SKIOTATOMOLOOHOY 

MOpodbl B KUMOepsIuTe Tpy6K} 

«YauHaa» (oOpasey Ne 4).Kal 

Tupon 38,4 | 69,7 | 72,7 | 42,8 | 30,3  punHo w3 MpHBeeHHDIX JaHHBLy 

Ge eu as Ae Pen ap rpawaT uccieqyemoro 9KJOrHT 

Auipanat : 5,8.140.6' 7.01 408 3,2  CYUeCTBeHHO oTMYaeTCA oT rp 

Tpoccyamp | 11,7} — | — | 19,8/49,9 Hata ynbTpaocHOBHbIX KCeHOMUTO 

YBapoBut sean eee RO im Fos M CBASAHHBIX C HHMHM 9KJIOP 
Ciaran AS AAS “ASH ered Ie ae ed KOTOPble BCTpeuaroTcs 


KMMOepsINTaX, KaK NO COoTHOUé 
HHIO Mares HW 3aKHCH %Kee3a, TaK HU 110 Cofep2kaHHl0 OKHCH xpoma. Bnecr# 
C TEM, OH OeHb OIM30K K TpaHaTy H3 KC€HOMHTOB SKIOPNTOMONOOHEIX nopop 
OTMYAIOUMHXCA OT THIMUYHBIX IKJIOFHTOB MPHCyTCTBHeM KUCsOrO MarnoKase 
C TakMMM MlarHOKa30BbIMH SKJIOrHTaMH BeCbMa CXOseH rpaHaT-poroBoo 
M@HKOBO-IIH POKCeHO-CKanouIHTOBbIi rHelic u3 TaHbl (*), WA KOTOporo MBI mpHBCl 
AMM B TaOl. | uw 2 cocraB rpanata (o6pazer Ne 5). 

MOHOKJIMHHbIt MHpoKceH MpelcTaBieH KpynHbIMH KceHOOnacTHUHBIMU 3ep 
HaMM, pasMepoM lo 3—6 mM. Ha Kontakte c rpaHaTom mupoKceH oOpactaes 
KaHMOM ApKO-3e1eHOH poroBoli oOMaHKU (cMaparguta). B Buje BKmouenuii : 
SepHax MMPOKCeHa HaOMOaloTcA MaCTHHKM rpacbuTa, MpHypouenHie, nc) 
BUAHMOMY, K OTHeJbHOCTH. 2V = +65°; cNg = 38—36°; N’, = 1,705, N’, 
= 1,682. BosmoxHo, 4To MOHM2KeHHOe 3HaueHHe cN g CBA3A4HO C IpHcyTcTBuel}ll 
B MMPOKCeHe >KaJleHTOBOrO KOMMOHEHTA. | 
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| Kpuctaibt aiMaga uccileqyoTca u OyAyT onucaHb! ocoGo. 3yecb oTMeTHM 
Mlb, YTO OHH ABJIAIOTCA MWIOCKOrpaHHbIMH OKTadpaMH rpyOosamMMHapHoro 
poeHus. 

| Hocue onmcanusa Kcenomuta aiMasoHOcHOro SkKoruTa B 1899 r. (4) mpo6ulema 
‘PRAZH aJIMa30B C BKJIIOUCHHAMH 9SKJIOrMTa B KHMOepJIMTaX WIMpoKO oOcyx- 

Wallach B HTepatype (°, *). OqHako, HECMOTPH Ha TIaTeIbHbIe NOMCKH, OObITHO 
WaBalOCb HaHTH JIMIb OTJeIbHbIe CPOCTKH KPHCTAJJIOB aJiIMa3a C MMHepaslaMH 
KNOruTa, MOSTOMY Halll THMMYHDIM KCCHOJIHT SKJOFHTA C OO/bILIMM KOJIMYeCTBOM 

MJIMMBIX aJIMa30B 3aCJlYKMBaeT TWaTeIbHOrO U3y4eHHA. 

Orjlembuble yrviyOeHHA, OCTABLUHeCA OT BbIMaBIUHX KPHCTaJIOB aJiMa3a, 
HaOmonasHcb Ha CrvlaxKeHHOH MOBePXHOCTH KCeHOJIHTAa, HO MpH3HaKOB 30HaJIb- 
Horo pacnpeyeseHHA aJIMa30B HE OTMCYeHO, H OYEBHAHO, YTO OHH OOpas0BaJIHCb 
‘| Mopoyle No ee 3aXBaTa KHMOep/IHTOBOH Marmol. 

Hapsyly c aJiMa3aMH B KCe€HOJIMTe MPHCyTCTByeT rpa*uT, HO MOKa He HaiijeHo 
|IIpeesIeHHbIX IIPH3HAKOB, KOTOPble NO3BOHIH Obl OJHO3HAYHO ONpeseuTb 
JOCJICQOBaTeIbHOCTb KPHCTAaIM3allWH 3THX MMHepaios. Ilo Ha6ntoqennam 
Ib. B. Baptauimuckoro, B aJiMa3aX KCeHOJIHTa Koe-rye HaGOJaoTca cuepbI 
qpadutusalun. OyHako 9TO MOXeT ObiITb HM rpa*uT BTOpoH reHepalluu, oOpaso- 
JaBLIHHCA [axe Nocie NonaysaHuA KCeHOMHTa B KHMOepJIMTOBYIO MarMy, OJHO- 
PEMeHHO c YeLIyHKaMu rpadutTa B asiMa3ax KuMOepwuTa ('), NocMe Toro Kak 


{ 
(DM ModHATHH MarMbi (ele JO OOpasoBaHHA TpyOoK) aBeHHe OMycTHJIOCb He- 
‘KOJIbKO HH2K€ KPHBOH PaBHOBeCHA FpaduT — amas. 

BosbuioH MHTepec BBbI3bIBAeT BOMpOC NPOHCXOx*KMeHHA CaMOro JKJOFHTA. 
)/CTaHOBIeHO, YTO B KHMOepNTax SKyTHH HMeIOTCA NO KpahHel Mepe Ba TuMAa 
KIIOUCHHH C XapaKTePHbIM VIA SKJIOrHTa MapareHe3sHCOM MHHepaJioB — MH- 
)OM-aJIbMaHJHHOBOrO TpaHaTa C MOHOKJIMHHbIM mupoKceHoM. IlepBpm Tun 
Ke Mofpo6uHoO onucaH B WHTepatype (*). Oro cBoeoOpa3sHble KPHCTasIMYeCKHe 
WJIAHUbI, B KOTOPbIX HapsAyy Cc rpaHaTOM H MOHOKJIMHHbIM MMPOKCeHOoM (THMHY- 
HEI TapareHesHC SKJIOrHTOB, YCTOMYHBbIH, OYeBHAHO, JIMIb Mp BbICOKHX 
§aBeHuaAX) OObIMHO MpHCyTCTByeT KHCJIbIM MWlarMoKa3, a Take CKalOJHT, 
KOTA MMeIoTCA BCe Mepexoybl H K OecnoO/eBOWINATOBbIM 9KOrHTaM. Ec xa- 
AKTEPHOH OCOGeEHHOCTbIO 9KJIOFHTa CYMTATbh NMOMHOe OTCYTCTBHe MlarMokla3a 
#°), uro, m0 HallleMy MHEHHIO, HeMpaBHJIbHO, Taka Mopoa OKA OBITb Ha- 
/BaHa FHelCOM MepexoJHOro K SKJIOPMTaM THMa, KaK 9TO HW CJleuaHO JIA ynoMa- 
HYyTOM mopoyb u3 Taub. HanomuuM, uTo B SKyTHH OblWwIK yCTaHOBseHbI (’) Kce- 
JHONMTEI IpOMexKyTOYHOrO XapakTepa MexKy TaKHMH «MMarHOKMa30BbIMH 9KJIO- 
{uTaMM» MW THuMepCTeHOBLIMH KPHCTAaJJIMYeCKHMH CJIaHIlaMH, THUMYHbIMH VIA 
fipxelickoro cbyHfameuta. B Takux mopoyaxX MbI BHAMM Hapsyy Cc OcTaTKaMu 
hanepcrena pa3BuTve MapareHesuca rpaHaTa C MOHOKJIMHHBIM MIMPOKCeHOM, T. e. 
BOeOOpasHy!O SKIOTHTH3ALMIO. GTO NOSBOMAeT MpemNolaraTb, YTO yKasaHHble 
KJIIOUCHHA 3aXBaueHbl W3 KPHCTasJIMYeCKOrO OCHOBaHHA, B KOTOPOM cpedi 
‘MIEPCTEHOBBIX THEHCOB Pa3BHBAaIOTCA JIMH3bI SKJIOTHTH3MPOBaHHbIX KPHCTas- 
MMueCKHX CJIaHIeB. 

_ ]ipyroft Tun SKMOrvTOBLIX KCe€HOMMTOB, Oo/lee WeTaJIbHO H3yY4eHHbI B Moc- 
hemuee BpeMA, XapakTepH3yeTCA He TOJIbKO OTCYTCTBHeM TvlarvOKasa, HO HM 
WMHbIM XapakTepoM rpaHata. [panaT 3fecb COMepxKUT Topa3fo MeHbILe aJlbMaH- 
WMMHOBOrO KOMMOHeHTa HW OOraT OKHCbIO XPpOMa. OTOT rpaHaT COBePLIeHHO CXO- 
eH C TpaHaTOM M3 TepHAOTHTOBLIX BKIO“eHHA KUMOepJIMTOB, MpHueM ObiH 
HHaliICHbl BKJIIOUCHHA, B KOTOPbIX HaGwlOMaeTcA MepeclawBaHve NepHoTu- 
OB M THMMUHbIX JKJOPHTOB. Take 9KJIOrMTbI HeH3BeCTHbI cpeqH nopox 
pxea CuOupu H MpHHeceHbI KHMOepJIHTOBOH Marmol, OYEBHAHO, C OOJbIINX 


InyOuH, BepOATHO M3 TeX YYAaCTKOB 3eMHOM Kopbl, re 9Ta MarmMa oOpaso- 
Bavlacb. 

OnucaHHbiii 9KIOruT C aiMa3aMu NO rpaHaTy MOM0OeH SKJIOFHTOBbIM MOpo- 
WaM MepBoro THMa H SKMOrHTAaM MeTaMOp(pH4ecKUX KOMMJIeKCOB BOOOLIe H PesKO 
bTIMYeH OT 9KMOrUTOB BToporo TuNAa. Ilo wenesucTOCTH (eMHYeCKUX MHHEPasoB 
OMMCaHHbIt SKOFHT MO CyWeCTBY He OTHOCHTCA K THMY BKJIOYeHHH, POCTBEH- 


IHbIX KHMOepJINTaM. 
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IIpucyrerBue B KC@HOJIMTe IKIOPHTAa aJIMa30B 3aCTABJACT npemoularatb,| 


| 
| 
i 


YTO HECMOTPA Ha yKa3aHHoe CXOJCTBO, JaHHaA Mopoa oOpasoBalacb NpH so | 
BbICOKHX JaBJICHHAX, 4eM Te, KOTOpBIe JocTuratoTcs (fo 20000 arm.) np oOpr4- 
HOM MeTaMopu3me, H MpHHeceHa Marmol Takxe C Oo/bINMX TyOMH, XOTA Hi ch 
6oee BbICOKOrO YpOBHA, 4eM TpaHaToOBble MepHAOTUTHI. OHaKO 9TOT BbIBOD| 
TpeOyeT MpOBepKH, B YaCTHOCTH MYTeM BCeECTOPOHHErO U3yYeHHA MOpO 9IKJIO-| 
THTOBOK (pallu. | 

3axBaT KHMOepJIHTOBOM MarMOl KCeHOJIMTOB aJIMa30HOCHBIX SKJIOFMTOB OT-| 
HIOb He JaeT MpaBa FOBOPUTb O TOM, YTO BCe aIMa3bl B KHMOePJMTAX ABJIAIOTCA! 
KceHoreHHbiMH. Kpucrasusallua aJiMa30B B KHMOepJIMTOBOM MarMe JIM, BO) 
BCAKOM CJlyyae, TeHeETHYeCKaA CBA3b C STOM MArMOM CeH4aC ABJIAeTCA HECOM-| 
HEHHOH, IPH¥eM OAHHM M3 MOKa3aTebCTB STOO ABJIAIOTCA BKJIIOUCHHA B aJiMa-| 
3aX HMJMOMOpHbIX KPHCTaJJIOB oOwMBMHA (*).' 


AMaKHHCKad 9KCIeQHIMA Tloctynuso 
Muuuctepctpa reomorHv HW OxpaHbl Heyp CCCP 26 III 1959 
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Joxrxagn Akanemunu nayr CCCP 
1959. Tom 126, Ni 3 


MHHEPAJIO‘HA 


A. H. KOMKOB 


O MHHEPAJIAX CEPHM 3BKCEHMT-NOJIUKPA3A 
MW MPHMOPUT-BJIOMCTPAHMHA | 


(ITpedcmaeneno axademuxom A. A. Iloakaxoseim 29 XI 1958) 


Muunepasibl cepHii SBKCeHHT-NOJIMKpa3a MH MpHOpuT-OJIOMcTpaHaMHa AB- 
‘AIOTCA THTAHO-HHOOaTaMH HTTpHA (Y) H peqKuX 3ememb (TR). Uacrb Y moxer 
/bITh 3aMemjeHa U, Th, Ca, Fe. B sBxcenute u npuopute Nb mpeo6ayaeT Hay 
‘i, B MOouMKpase HM OOMCTpaHyuHe — HaoOopor. K cepuun nmpuoput-610McT- 
2aHIMH OTHOCAT (1,”) Takx%Ke SUIMHUMT, KOTOPHI ABJAeTCA WepoBbiM (Ce) aHa- 
«OroM mpHoputa. Hexoroppre uccaegqopatesu (*,4) paccMaTpuBal0T SIIMHUT Kak 
cpaiHui wieH cepHu 9SlWMHuT-mpHoputTa. B stom cayyae OOMcTpaHAUH 
tuMTaeTCA CHHOHHMOM lpHoputTa. 
XWMHYeECKHH COCTaB MMHepayioB cepHl 9BKCeCHHT-NOJIMKpa3a u TIpH- 
ypuT-OJIOMCTpaHAMHAaA ykKJlaqbiBaetca B opmysty AB,X, (rae A = Y, TR, Ga, 
WJ, Th, Fe?*; B = Nb, Ti, Ta; X =O, OH). Ilo pany du3uuecknx cBolcTB 
{ WHepaJibl YKa3aHHbIX CepHH TaKxKe OUCHb OM3KH MexKAY COOOH HM OCHOBHbIM 
|KPHTePHEM, MOJIOXCHHBIM B OCHOBY MX pa3fleJleHHA ABJIAeCTCA OTHOWIEHHE KPH- 
‘Talsorpaduyeckux ocef. Ilo mopdonormyeckKuM J[aHHbIM ObIIO HalizeHo (°), 
HTO SBKCe€HHT OTHOCHTCA K POMOMYeCKON CHHTOHHH HM HMeeT OTHOLMeHHE OCer 
:b:c = 0,3789 :1:0,3527, B TO BpeMaA KaK TIpHOpHT TakxKe ABJIAeTCA 
| fades HO wMeeT oTHOWeHHe oceli a@:0:c = 0,4746: 1 : 0,6673. 
OjHakO e€CJIM H3M€HHTb YCTAaHOBKY KPHCTaJJIOB MpHopuTa, TO JIA Hero 
MOXKHO MIOJYYHTb OTHOWIEHHE OCel, GIM3KOe K OTHOUIeHHIO Oceli 9BKCeHHTA (7). 
Tlostomy HeKoropple ucculeqoBaTesn (°,11) cunTaloT WeecooOpa3sHbIM OObemH- 
PHUTD MUHEepaJb! CepHH SBKCeHHT — NOJIMKpas WH CepHu MpHopHT — ONOMcTpaH- 
IMMH B OHY cepu1o. HeoOxoqMMo ObIJIO BbIACHHTb, ABJIAIOTCA JIM PasJIMYHBbIe 
[POpMBI KPHCTaJIJIOB HU CBA3aHHbIe C HMMM pa3JIMYHbIe OTHOWeHHA OceH MIA 
MM HepaJIOB pacCMaTpHBaeMblX CepHli OTPaxKeCHHeEM MX CTPYKTYPHOTO pa3JIM4HA, 
MH Ke HaOsIOaeMble passM4unA COpM KPHCTaJJIOB HOCAT He MPMHUMMHaJIb- 
fbi XapakTep MH OOYCJOBICHbI KaKMMH-sMO0 CJyYaHbIMA (pakTopaMu. 
| Hecmorps Ha wmpokoe pacipoctpaHeHue yKa3aHHbIX MMHepasOB B MIpHi- 
poe, OHH JO CHX NOP B CTPYKTYPHOM OTHOMICHHH H3YYeHbI OUCHb MaJIO. ITO 
(CBA3AHO C TeM, YTO OHH BCTPeyalOTCA B MpHpose MpeMMYLLeCTBeHHO B MEeTa- 


h 


HBHJIO, TIPHBOLUT K OOpa30BaHHiO MeJIKOKPHCTaJIJIMYeCKUX arperaTOB, PeHTTe- 
HHOBCKOe€ H3YYCHHE KOTOPbIX BO3MOXHO JIMWb MeToxoM JIe6aa. 
P. Apuorr (*), Ha OCHOBaHHM MHIMUMpOBaHusA AeOaerpaMMb! HarpetToro Ao 
|1000° o6pasua SBKCeHUTAa, Halle JIA HerO MapaMeTPbI 9JIEMeHTaPHOH AYeHKH 
4H lpocrpancrBexuyto rpynmy. Ho MH. Bepman (*) nogqpepraeT COMHeHHIO TIpa- 
|BHJIbHOCTb STOO HMHAMIMpOBaHHA, W MpHBOLUT AVIA SBKCeCHUTA, MpOKaJieHHOTO 
|p pasHbIxX TeMMepaTypax, TpH pa3JIMYHbIe JeOaerpaMMbl, yKa3blBas Mp 
9TOM, 4TO BCE MOMbITKH HHIMUMpOBaTb 9TH WeOaerpaMMbl He YBeHYaJIMCb ycne- 
xom. J[eOaerpaMMbI MHHepaJioB paccMaTpHBaeMbIX CepHi IPMBOAATCA H ApyruMu 
japTropamu (1,7,°). OmHako Bompoc 0 pa3sMepaX 9SJIEMeHTapHBIX AYeeK H O MIPO- 
CTPaHCTBeHHBIX PpyllaxX MHHepaJOB yKa3aHHbIX CepHH ocTaBaJICA JO CHX Op 
HepeleHHbIM. 
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E. HW. Hecexospm (1°) Obit oOHapy2KeH MMHepaJl, KOTOpbI Ha OCHOBaHHE 
CNeKTpaJIbHOrO aHaJu3a MOxXKHO ObWIO CUHTaTh THTAHO-HHOOaTOM Y H Ca. 30; 
MHHepad! Obl ONTHYECKM aHH3OTPONeH HW OOHAPyKHJI PCHTTeHOBCKyt0 aucpak: 
MIO B HCXOMHOM cocTosHHH, ero WeOaerpamMa Oba OM3Ka K WeOaerpamMMe 
MIpHBeqeHHOH B (”) JWIX SBKCeHUTAa, HM K OMHOH U3 DeOaerpaMM, NpHBeCHHED| 
B (4) (oOpasen Ne 1), gia mpHopuTos. CieqoBaTebHO, STOT MHHEpall MO} 
ObITb IIPHHAT KaK 3a 9BKCEHHT, TaK M 3a TIpHOpHT. | 

VicceqoBanue MuHepasia Meroyamu JIlayo H BpallleHHA MOKasaJl0, 4TO OF) 
OTHOCHTCA K pOMOuM4eCKOi CHHTOHHM HM UMeeT MapaMeTpEl AYeliKu a = 5,7( 
KX, 6 = 14,73KX,c = 5,18 KX; ornomenne ocei a:b: ¢ = 0,386: 1: 0,3514 
COOTBETCTBOBaJIO OTHOLIEHUIO OCel, HATeEHHOMY 10 MOpdosOrHyecKHM LaHHbIM (°, 
JWIA 9BKCCHHTA. STO MO3BOMIIO OTHECTH UccJeqyeMbld MHHepasl K MHHepaJiaM 
C€pHH 9BKCeHHT-OMKpas HM CielaTb 3aKJOUeHHe, YTO HalieHHoe Js} 
3BKCeHHTa MO MOpolorHyecKHM j\aHHbIM OTHOIWeEHHE OCeH COOTBETCTBYEl) 
OTHOLI€HHIO CTPyYKTYPHbIX NapaMeTpOB pellieTKH. STOTO MMHepaa. ! 

Ilia uccneqoBauuA B peHTreHoBcKyto sa6opatopuio B. I]. MBanosoi Opts} 
mepeyaH [pyroli MMHepasi, KOTOPbIi, COrlaCHO CIICKTpaJIbHOMY aHaJIM3y, CO-) 
qepxKasI ruiaBHbiM oOpasom Y, Nb u Ti. Oror Muvepad Take OKasaJicA B KPH-| 
CTaJIJIMYeCKOM COCTOAHHH HU OOHapyxuJI WeOaerpaMMy, KOTOPas COOTBETCTBOBAa, 
Kak J\eOaerpaMMe, mpHBeseHHo: B (°) WIA MOMMKpasa, TaK H WeOaerpamMaM, IIpu 
BeeHHBIM B (1) (oOpa3upr NeNe 2, 3 Ta61. 211) Aa MpHOpHToB. 

UccneqopanHue 9TOrO MuHepadia MeTozamu Jlay9 u BpallleHHA MOKa3aJO 
uTO OH ABJIACTCA POMOHYCCKHM HM HMeeT MapaMeTPbI BIeEMeHTapHOH AYeCHKH) 
a=5,18 xX, 6= 10,89 xX, c=7,36 KX; oTHomleHHe oceH a: b:¢ =f 
= 0,476: 1 : 0,676 coorBercTBOBaJIO OTHOMICHHIO OCeH, HalJeCHHOMy JIA Mpu-| 
Oputa MO MoOpdoulormuecKHM aHHbIM (°). OTO NMO3BOJIHJIO OTHECTH { HC) 
ClelyeMblii MMHepadl K MHHepaliaM cepHH mpHopuT — OJIOMcTpaHIHH i 
cilelaTb 3aKJIOUeHHe, 4TO HalyeHHoe VIA MpHopuHtTa 0 Mop@os0rH-) 
YeCKMM J[aHHbIM OTHOUICHHE OCel TaKKe COOTBETCTBYeT OTHOLICHHIO CTPYK-| 
TYPHbIX MNapaMeTpoB pelleTKH MMHepasla. TakuM oOpa30M, HaOuI0aeMble} 
y MHHepasloB CepHH 9BKCCHHT-NOMKpa3 AH CepHH MpHopuT-OJIOMCTpaHaHH | 
pa3JIMUHble (POpMbI KPHCTAaJJIOB H CBA3AHHbIe C HHMH pa3JIMUHbIe OTHOWIEHHAS 
oceli OOYCJIOBJICHLI CTPyKTYPHbIMH OCOOCHHOCTAMH pelI€TOK MMHepasIOB 3TUX; 
cepHli. CieqoBaTeIbHO, 9TH MHHEPa/IbHbIe CepHu, HECMOTPA Ha CXOMCTBO pxsa} 
(PHSHYeCKHX CBOMCTB H OJM30CTb XAMHYECCKOFO COCTaBa, MOryT pacCMaTpHBaTbCcg. 
KaK CaMOCTOATEJIbHBIe. | 

IIpopeyeHHble HaMM UCCIe_OBaHHA MOKa3aJIM, YTO MMHEpasIbl CepHH 9BKCE- | 
HHT-NOJIMKpa3 M30CTPyKTYpHbI coequHeHuIO YNbTiOg, oTrHocaTca kK mpo-, 
CTpaHCTBeHHOH rpynne Pean, NICMCHTapHaA AYeHKa COMepKUT YeTHIpe PopMy.Ib- 
Hble equHulbl AB,X¢, a MHHepaJbl CepHH MpHOpuT-OJIOMCTpaHAMHAa M3OCTPYK-, 
TYPHbI coequHeHuIo CeNbTiOg, orHocaTcaA kK mpocTpaHcTBeHHO rpynne Pym, 
M COJepxKaT B AYeHKE TakKe YeTHIPe (POPMYIbHbIe equHHIbI AB. X«. [pu Harpe-, 
BaHHH IIpHOpHT MperepneBaeT MpeBpallleHHe UH MepeXOJUT B 9BKCEHHT. 

Jl BbIACHCHHA BO3MOXKHOCTH OHOSHAYHOM peHTTeHOBCKOLi 7MarHOctTuKH , 
MHHEepasiOB pacCMaTpHBaeMBIX CepHii MeTaMHKTHBIe OOPasiibl SBKCCHHTOB H IIPH- , 
OPHTOB HM OOpasell SIUMHUTA ObWIM MpOKaJeHbI MpH PasMYHIX TeMMepaTypax , 
(or 200 qo 1200°) B armochepe Bosqyxa uM U3yYeHbI peHTreHorpaduyecku. 

IIpu narpepannu jo 400° Bce o6pa3ubl ocraBalucb PeHTTeHOaMOpHBIMM. , 

IIpH aibHeliiem HarpeBaHHH MeTaMMKTHBIX OOpaslloB MpHoputa Obi0. 
OOHapyKeHO, 4YTO OHH H3 HUX B MHTepBasie Temnepatyp 450—600° BOCCTAHAB- ; 
JIMBalOT CBOIO JOMCTAMUKTHYIO CTpyKTypy, Apyrue oOOHapyXKUBaloT AMppakUHor- , 
Hy!0 KapTHHYy JIHWIb Nocie HarpeBaHHsA ux cBpile 650°. Je6aerpamMbl TaKHX | 
OOpa3sllOB COOTBETCTBOBaIH eOaerpaMmMe KyOu4ecKoro KpucTaJia ¢ napa- | 
METPOM Q, BaPbUPYIOUMM VIA pa3sJIMYHBIX OOpasyoB or 10,06 yo 10,08 KX. 

IIpu narpepauuu B unteppane or 800 no 1200° kak OHM, TaK HM Apyrue 
oOpasibl nepexoqusH B aBKceHut. IIpu strom yeOaerpaMMbi HeEKOTOPBIX 
oOpasOB MpHOpuTOB Hapaxy C JMHMAMH 9BKCeHHTa OOHapyxKuM JonoA- 
HUTeJIbHbIC JIMHHH, HHAMWMpOBaHHe KOTOPbIX NOKa3aJl0, YTO OHH M60 COOTBeT- 


642 


(RTBOBaJIM JIMHHAM KyOuYeCKOl ash C NapaMeTpoM pellleTKH a, BapbupylOUluM 
WIA pa3sJIHUYHBIX OOpasyoB oT 10,19 no 10,22 KX, nu60 nuHHAM pytusa (TiO2). 
JOTMeuaJIHCh Takoke OOpasilbl, Cofep2KaBline Kak OMHY, TaK uM Apyrylo AoNoN- 
HUTCJIbHbIC (a3bl. 
| Ilepecuer xumnueckoro coctaBa o6pa3iloB, alollMxX JONOMHUTeIbHEIe (ba3bl, 
Ha dopmyay AB,.X, noka3biBasl, Kak MpaBHJIO, HeMOCTaTOK KaTHOHOB rpynnbl 
‘A, B rpynne B npeoOnanan Ti, a rpynna X cosepxKaa 3HayHTebHbIe KONHUE- 
cTBa (OH). 
_ OOpasoBanue npu HarpeBaHHH MpHOpHTOB HapsAy C 9BKCeEHHTOM JONOWIHH- 
CJIbHbIX (a3 MOXHO OODACHHTb, MO-BHAMMOMY, TEM, 4TO MPH BHICOKHX TemmMe- 
aTypaX MpoOuCxoquT yasenne rpynmpr (OH)? u Hapymatotca crepeoxumuye- 
KH€ COOTHOIICHHA Mey BXOAAWMMM B COCTaB MHHepaJoB oKucsamH, IIpu 
(2TOM HeKOTOPbIe H3OMOpHbIe MpHMeCH B COCTaBe MPHOPHTOB IIpH BbICOKHX 
IremMnepaTypaX He BXOJAT B PellleTKY SBKCCHHTA, HO serue OOpasylOT COBMECTHO 
ic uacTbIO Y2O3, Nb,O; u TiO, camocTosTebHoe CoequHeHHe C yKa3aHHO KyOH- 
€CKOH pellleTKOH, H3ObITOUHOe Xe KONMUeCTBO TiOez BbIZeAeTCH B Bue PyTHa. 
UccneqopaHua moKa3aJiM, TO MOBEeHHeE M€TAMMKTHBIX MPHOPHTOB, jalo- 
UMX pH HarpeBaHHn cBbiue 650° kyOuyeckylo (ba3sy, aHavIOrH4HO MOBeeHHIO 
iMCKYCCTBCHHOH CMCC 9KBUBAJICHTHBIX KOJIMYECTB OKHCJIOB Y2O3, NbeO; u 2TiOz. 
[IpH HarpeBanuu S9TOH cmecu cBbIe 700° Takxe OOpasyetca KyOn4ecKaN (basa 
¢ Mapametpoma = 10,063 KX, coorBeTcTBylollad CoemuHeHHIO Y2TieO7, a mpH Ha- 
|rpeBaHuu oto cmecu mpu 1100° o6pasyerca coequHeHue YNbTiO,, uMeto- 
 ujee WeEOaerpaMMy H NapaMeTpbI XJIEMCHTaPHOH AYeHKH, OIH3KHE K 3BKCEHUTY H KO- 
TOpO€ MOXKHO CUHTATb HCKYCCTBeHHbIM 9BKCeHHTOM. AHaJIOrHA NOBeELeHHA pH 
i HarpeBaHHH HCKYCCTBeCHHOM CMeCH OKHCJIOB H YKa3aHHbIX M€TaMHKTHbIX OOpas- 
(OB IIpHOpHTa MO3BOMJIa CleaTb BbIBOL, YTO NOCMeLHHe HaXOATCA, MO-BULU- 
‘MOMY, B COCTOAHHH NOJHOrO paclaya Ha MeXaHHYeCKylO, TOHKOJMCTepcHy1o 
Wcmecb OKHCJIOB, a OOpa3ylollaicA MpH HarpeBaHHu STHX OOPa3slloB KyOuyecKaA 
(a3a ABIACTCA PC3YIbTATOM MPOMeKYTOUHOH peaKUMH YacTH OKHCJOB, BXOJs- 
lax B COCTaB IIPHOPHTOB. 
_ TIpu uccneqopaHuu MeTaMHKTHOTO OOpa3slla SIIMHHTa ObWIO OOHapyKeHo, 
‘yro mpu 700° Trakxe OOpa3yeTca NpoMexyTOuHaA KyOuyecKan (ha3a Cc NapaMer- 
pom a = 10,31 KX, u sub mpu HarpeBaHun cBbue 1000° BoccTaHaBsMBaeTCA 
(OMeTaMUKTHadA CTpyKTypa MuHepawa. IIpu stom oOpa3yerca coeqHHeHHe, H30- 
CTPpyKTypHoe He 9BKCeHNTY, a mpHopuTy. J,eOaerpamMa wu NapaMerTpbl 9J1eMeH- 
(TapHO s4¥eHKU BOCCTAHOBJICHHOPO SLIMHUTAa OKasaJIMCb OM3KUMH K NeOaerpam- 
(Me WM MapamMeTpaM sueliku HCkyCCTBeHHOrO coequHeHHA CeNbTiOg *, Koropoe 
|MOX%KHO CUHTATb HCKYCCTBEHHbIM 9SINMHATOM. 
UcceqopaHve MMeBUIMXCA B HallieM pacnopsx%KeHHH OOpa3IlOB MeTaMUKTHO- 
‘TO SBKCeHuTa MOKa3aslo, YTO MpH HarpeBaHuu ux cBbIe 750° mpoucxoyNJO 
| BoccTaHOBIeHHe HX JOMeTaMHKTHOM CTpyKTypbI 6e3 OOpas0BaHHA OTMeyeHHOH 
'BbIMe MpOMeExKyTOUHOH KyOuyeckol cba3bi. Ilo-BuquMomy, pelllerKa UCCJIeOBaH- 
| HbIX HAMM Me€TaMHKTHBIX OOpa3llOB 9BKCCHHTa He HaXOJMJlaCb B COCTOAHMM MOJI- 
‘Horo pacnayja, u60 B MpOTHBHOM CJlyyae NoBezeHue OOpaslloB Gbl10 Obl, Oue- 
BHUJHO, aHaJIOrH4HO MOBEACHHIO HCKYCCTBEHHOM cMecH OKHCOB. Takum oOpa- 
30M, Ha OCHOBaHHM H3JIOXKeHHOPO BBILIe MOXKHO CelaTb CJeLYIOUMH BbIBO. 
Ecaim MuHepaJibl cepHii 3BKCeHHT-NomMKpa3 MH MpHOpuT-OJIOMCTpaHIHH 
He mperepnev NOHOrO MeTaMHKTHOIO paciaya Ha CM€Cb OKHCJIOB, TO IPH Ha- 
PpeBaHHH OHH BOCCTaHaBJIMBaloT CBOIO JOMeTAMMKTHY!0 CTpyKTypy H MOryT 
ObITh OMHO3HAUHO 3aMarHOCTHpOBaHbl PeCHTTeHOBCKHM MeTOOM. B culyyae Nol- 
-HOrO MeTaMHKTHOTO pacnajyla pelleTOK OTJIHYHTb MHHEpaJIbl STHX cepHi 
MO p@€HTTeHOBCKHM JjaHHbIM He [pefCTaBJAeTCH BO3MOXHBIM 3a HCKJIIO- 
YeHHeM 9IIMHHTa, KOTOpbIli mpu TemmepaTypax cBbie 1000° BoccraHaBaMBaeT 
-CBOIO JOMeTaMHKTHYI0 CTpyKTypy He3aBHCHMO OT CTeIIeHM pacnafa ero peuleTKH. 
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Ta6auna 1 


Pa a a rns Ee ce ee ea Ne 


hi KCeCHHT. Hee CCTBCHHbIM SLIM HUT. BsomcTpau7uH, mpoKaJIeHHbIi ups " 
(YNBTHO) aw BBB KX b = 14,62 y (CeNbTiO,) §80°.a = 5,16 KX; 6 = 10,93 KX; 
HX; C= 5,18 KX; a:b: ¢= a=5,42 KX; b =10,97 KX; ¢ = 7,55 c=7,38 KX; a;b:¢= 
= 0,381 : 1 : 0,353 KX; a:b:c¢=0,494: 4 : 0,688 = 0,472 : 1: 0,674 
g u hkt I ey 
hkl I | os hkl I ; : 
30 2 3,68 022 2 3,44 022 ® 3°05 
1 { 3,37 130 8 38,03 480 7 2,96 
134 40 3,00 112 40 2°98 112 40 2,89 
200 4 2,79 434 2 2,81 134 2 2,75 
060, 201 3 2,44 O44 4 2,62 i 
032 2p 2,30 140 1 aM 140 4 oe 
234 3 2,19 40 ; 3 2,23 
132 2p 244 042 4 295 103, 042 } 
tit i 17915 31 2 | d'09 x re = 
44h 4 4,9 — — — 
052 4 4,946 222, 150 5 2°05 222 4 4,080 
202 5 4,903 454 2 : ; ae 454 3 4,940 
212 4 4,879 133, 240 2 ‘ _ _ _ 
260 6 47835 004 4 1,888 004 5 1,846 
062 6 4,778 244, 043 2 1,862 241, 243 }3 1,824 
261, 330 7 4,734 060 4 4,829 060 
334 3 4,748 231 2 1,781 234 4 4,767 
072 4 4,628 44 é — — -- 
423 3 4,640 242 6 ' 118 242 6 4,675 
2, 1 ; = = = 
eis f ee ps 134 6 4,57 
433 4 4,563 434° 330 ji 4,603 330 3 1,554 
4143 4 4,505 453, 162 2 4,584 252 4 4,520 
191, 262 8 4,492 252, 322 6 4,560 204 6 4,503 
322 4 4,479 204 3 1,548 170 3 4,495 
202, 213 2p 4,460 170 3 4,505 474 3 4,460 
322 3 4,435 471 2 4,487 272 4 4,382 
272, 400 2p 4,392 172 2 1,399 


* 9p — pasMbiTad JIMHMS. 


B ra61. 1 npupeyensi JeOaerpaMMb! UCKyccTBeHHOrO sBKCceHUTAa (YNbTiOs), | 
HCKYCCTBeHHOrO suHHUTa (CeNbTiOg) 4 o6pa3iia OMOHCTpaH MHA, IpoKaJIeHHOrO 
mp 580° B revenue 30 MHH., MMerOUero cIeELyIOWM XUMHYeCKH CocTaB(B Ipo- 
weHTax); CaO 3,95; PbO 0,98; MgO 0,14; Fe2Os 5,00; Y2Os 21,90; UOz 4,50%; 
UOs 0,92; ThOz 4,80; SiOz 0,55; AlzOs 0,60; TiOz 32,48; NbeO, 20,61; Ta2O; 
2,04; HeO 2,4. : 

JleOaerpamMpl mosmyyeHbt Ha Fe-usnyuenuu c MnQOs-cbuasTpom B Kamepe 
D = 57,3 mm. MexnuockocrHble paccrosHua je6aerpamm (d/n) ucnpaBseHtt ; 
m0 ocoOomy cHuMKy cmecu c NaCl. 


IIpupegzenupie eOaerpaMMbl MOryT ObITb HCMOJIb30BaHbI Ip PeCHTTeEHOBCKOH ; 
AMaTHOCTHKe MHHepaJlOB CepHli SBKCEHNT-NO/IMKpasa HM MpMOPHT-OJIOMCTpaHAMHa. | 


Bcecor3Hblli HayyHO-HCCeOBaTebCKUIt Ilocrynuao 
reOMOrMyecKHt KHCTUTYT 26 XI 1958 
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MHHEPAJIO‘F HA 


HM. A. OCTPOBCKMH, T. M. MMUIMHA u B. M. MOBHJIAMTHC 
PT-TIPOEKWMA CHCTEMbI KPEMHESEM — BOJIA 


(ITpedcmaeneno axademuxom JI. C. Kopcuncxum 30 IIT 1959) 


- 


| CucTrema KpeMHesem — Boa ABJIAeTCH KpaeBOH JIA MHOTMX BaXKHbIX MIs 
MeTpOJIOrMu WM MMHepasOrHu CHJIMKATHbIX CHCTeM C JIeTyYHMH KOMIMOHeHTaMH. 
| pH BbICOKUX TeMMepaTypax B 9TOM ONHApHOH cucTeme CylmlecTByIOT MO Kpali- 
jHeH Mepe MAT (has: KPHCTOOaINT, TPHAUMUT, KBapIl, *KMAKOCTS UM Nap. C TouKu 
penusx JI. C. Kopxuucxoro (') Takad cucTemMa ABJAeTCA MYJIbTHCHCTeMOH Cc 
HMCJIOM CTeleHeH cBoOo,n — 1. B o6tjem c1yyae B TaKOl CHCTeMe JON2KHO ObITb 
b MHBapWaHTHbIX TOUeK WH 10 MOHOBapHaHTHBIX JIMHMH. B JaHHOM ciy4ae Jeo 
fyMpollaerca TeM, 4TO BCe KPHCTaJM4YeCKHe (hasbl HMEIOT OMMHAKOBbIN XUMMUe- 
hCKMH COCTaB, HM Mexky (basaM BO3MO%x- 


HHbI JIMIIb CJIeEAYIOULWe MOHOBapHaHTHBble 
JAK: Ox 


KpucToOamuT + map = pacias; 
KBapll + nap = paca; 
TpuyumurT + nap = pacnsaB; 
TPHAMMUT = KpucTObamNT; 
KpucToOauT = KBapw; 
TPHAMMUT = KBapl. 


1 
2 
3 
4 
) 
6 


| B rpex nocnequux paBHoBecuax He 
IPpHHUMaIOT y4acTHA X2XKUAKaA MW 1ra3o- 
ee ee SOP aSON, a) Puc. 1. Cxema PT — yuarpamMbl CHCTeMbI 
{HOBECHA ABJIAIOTCA BbIPOXRKMCHHbIMH. ITO aie Ot ee B ae eee 
HOOCTOATEIbCTBO OYCHb yMpoulaer Mo- JMBapHaHnTHble KOMOuHAalMA (a3, cTaOHsb- 
CTpoeHve NpHHUMNMabHOK cxemMbl PT-  upie B coorsercTBylOWMx NomAX AMarpaMMEl. 
i arpaMMbl CMCTeMbI BOJa — KPeMHEKHC- OGosHaveHHa thas cM. puc. 2 
vloTa, WpuBeyeHHow na puc. 1. Ha cxeme 

Bce Tpex(asoBble MOHOBAPHaHTHble PaBHOBECHA ABJIAIOTCA CTAOWJIbHbIMH, YTO 
NcormacyeTcA C 9KCHepHMeHTOM. BpipoxKeHHble paBHOBeCHA B JaHHOM CJIy4ae 
IcTaOHIbHEI TIO O6e CTOPOHbI OT HHBapMaHTHbIX TOYeK, HM COOTBETCTBYIONIME 
4KPHBble MepexoAAT Apyr B Apyra, He H3MeHAA HallpaBsenue. 

| Bapwant, Korga paBuopecue TpuyumuT + ra3 = pacnmaB HecTaOuJIbHO, 
IMCKJIOUAeTCA M3 PACCMOTPeHUA, TAK Kak COTIaCHO STOMY BapWaHTy TPHAMMUT He 
NMO2KeT COCYULECTBOBATS C paciiaBom. Ha onbire MBI, OMHaKO, JlerKo yOexkaemca 
IB IIPOTHBHOM. 

_ Oxcnepumentanpnaa PT-nuarpammMa paccMaTpHBaeMOl CHCTeMBI, omyONMKO- 
iaHHaa O. ®. Tatraom u JI. JI. Unraenjom (7), ocralacb He3aKOHUeHHOH M He 
Icormacyerca c Teoperuyeckow cxemolt puc. 1. B cBa3H Cc 3THM MbI OCYLeCTBHIM 
HOMBITLI, MO3BOJIMBIUMe BHeECTH HeKOTOpble YTOUHEHHA HM JONOHeHMA. OMNbITHI 
I 1POBOAMINCb B 3aMaAHHbIX MWIaTHHOBBIX aMiysax B OoMOe C BHYTPeHHMM Harpe- 
BaTeyieM NOX aBseHHeM UHepTHoro rasa. McxofHbIMM BelllecTBaMH CJIy2KHJI 
JCHHTeTHUeCKHH KpHcTOOaNNT, NpoKaseHHad aMOp@Hai KPeMHeKHCJIOTa, MpH- 
| POAHI KBapll M MHOrAa cuHTeTMuecKHH TpuyuMuT. Jna duKcallun daszoBoro 
(COCTOAHHUA MPHMeHAJICA MeTON 3aKaJIKH. : 
TlocrpoenHat Hamu aKcMepuMentambHax PT-nuarpamMMa cuctemMbl SiOg— 
||H,O coorsercrByer TeopeTuyecKo cxeme prc. | u npuBesena Ha puc. 2. Hexo- 
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Topbie ee OCOOeHHOCTA HoBBI No cymjecTBy. KpuBasa mpeppalenua TpuyMMUT — | 


KPHcTOOaIHT WMeeT ACHO BbIPaxKeHHbIM OTPHMAaTebHbIM HaKJIOH MH OrpaHHuH- 


BaeT CBepXxy y3KOe Moule, B KOTOPOM BO3MOXKHO COCYIeCTBOBaHHe TPHAMMHTA | 
Mv pacnnapa. M3 uHBapHaHTHOH TOUKH, B KOTOPOH HaXOATCA B PaBHOBECHH | 
KPHCTOOaIMT, TPHAMMUT M KBapll, BLIXOJMT KpyTad KpWBad PaBHOBeCHA KPH- | 
cToOa/IMT—KBapll, MpoculexkeHHad Hamu Yo 1360°, Ho, mo-BuMMOMy, Mposor- | 
*Kalowladca BMWVIOTh JO TeMMepaTypbI NaBJIeHuA KpeMHe3emMa. Takum oOpasom, 
HH KPHCTOOaJHT, HU, B OCOOCHHOCTH, TPHAMMHT, He ABJIAIOTCA YCTOMYMBEIMH Ip | 


ipo et, 
0 1000 2000 3000 4000 kl fom? 
p 


Puc. 2. SkcnepuHmMentantbyaa PT -yuarpaMMa wacTH CHCTeMbI KpeM- 

HesemM — Boa. O6o3Hayenua cas: C — KpucToOanut; T — TpHaH- 

mutT; Q — xBapu; L — pacnaas; G— nap. B kpy2kkax moka3aHbl 

JMBapHaHTHble KOMOHHALLHH (ha3, CTAOHJIbHbIe B COOTBETCTBYIOMLHX 
NOMAX Harp aMMBbI 


BbICOKOM JaBsleHuu. C Apyrol CTOPOHb!, MPH MOAXOMAUIMX KOHILCHTPalMOHHBIX ¥ 
COOTHOWIEHHAX HW MPH BbICOKOM JaBJICHHH KBapIl OKa3bIBaeTCA CTAOHJIbHBIM 4H, | 
BOMpeKH MpexXHHM MpeCTaBJICHHAM, MOXKeT COCYULECTBOBaTb C pacCiiaBoM | 
IIpH Temnepatypax cBbiiwe 1300°. Stor BEIBOA MOxeT ObITb, HAMpHMep, MpHJO- 4 


2%Ke€H K HHTpaTeJIypHYeCKUM BKpalJIeHHHKaM KBaplla B s*pdy3suBax: B r1yOuH- 


HbIX MarMaTHy¥eCKHX OYaraxX KBapIL MOXKET BOSHUKATb IIPH TeMiMepaTypax 3Ha- é 


YHTeIbHO Bpe 870°. 
ConocTaBaa Hallly MarpamMy c MaTepHaslaMu [pyrux ucceloBaTenen, 


Mbl YCTaHaBIMBaeM pa3JIMUHA B MONORKeHHU OOWIMX TOYeK HM HHH. Tak, M0 | 
HaluMM JlaHHbIM, MHBapWaHTHaA ToOUKa KpHcTOOaIHT + TpHuMUT + KBapll ; 
exuT mpuH 1190° wu 1430 kI/cm?, cormacHo xe TepMOAMHAMMYeCKHM BBIUHCIe- | 


HusaM M. A. Mosecmaua u K. C. Ilutuepa (*) mpeanouaranocb, uTO Ona eKUT 
MIpHOJIM3HTeIbHO mpu 1420° u 660 atm. TlomoxeHHe paBHOBecHA KBapltla Cc pac- 
M1aBOM HM MapoM Ha Hallie WuarpamMMe mpoxoguT Ha 15° Bble, uem yKa3bIBaeT 
JI. B. Crbtoapt (4): 1130° npu 2000 6ap u 1065° npu 5000 Gap; TaKoe pacxoxyle- 
HHe He BBIXOJHT 3a Mpesebl BOSMOXKHBIX OWMOOK (--20° H +50 xKT/cm?). 


UuctutyT reonoruu pyfHbIxX mecTopoxkeHHi, Tloctynuso 
neTporpapun, MMHepasorMH HW TeoxXHMHH 28 II] 1959 


UMTHPOBAHHAA JIMTEPATYPA 


*R. C.Kopxuuckul, nsnko-xumuueckne OCHOBb! aHamv3a MapareHe3vcos 


MuHepanos, M3q. AH CCCP, 1957. 70. F. Tuttle, J. L. England, Bull. Geol, 
Soc. Am., 66, Ne 1, 149(1955). ®M. A. Mosesman, K. S. Pitzer, J. Am. Chem. 
Soc., 63, Ne 9, 2348 (1941), *D. B. Stewart, Year Book of Carnegie Inst. of Wash., 
Ne 56, 214 (1957). 
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ITETPOTPA®H 1 


H. B. JIOFBAHEHKO 


O XAPAKTEPE M3MEHEHUH KAMEHHOYIOJIBHbIX MOPO] 
B fOr0-BOCTOUHOM CEKTOPE BOJIbIMOrO JOHBACCA 


(ITpedcmaeaeno axademuxom H. M. Cmpaxoesim 21 II 1959) 


Or JI. C. TemuHa Muot OpuiM Nosyyenbl OOpasuEt nopogx MnatoscKoi onop- 
M CKBaxKHHEI. IlepeqaHHbie oOpa3ibl mpelcTaBseHbl H3MCHCHHbIMH PINHH- 
‘BIMM Moposamu (uHTONOAOOHDIMH CulaHiaMu) MH adpy3suBamu. O6dpasuupi 
‘oOpaHbl M3 TOJIMIM MOL{HOCTHIO OKOWIO 300 M c ruly6unHbI Gomee 2077 mM. Tosa 
1oxKeHa TIaBHbIM OOpPa3s0M MeTaMOpdu3OBaHHBIMA TVIMHUCTbIMM Moposamn, 
OPy3UBbl COCTaBJIAIOT BCero YeTHIPe MacTa HeOObUWOH MouHocTH. Ilo anauo- 
m c [lecuaHokonckoH CkBaxKHHOH Bo3pacT Mopoy ompeseinercaA Kak KaMeH- 
NYTOMbHbIM. KaMeHHOYFOJIbHble OTOXKeHHA Me€PeKPHITbI MOLWLHOM TOME Me- 
BbIX H TPe€THUHbIX OCAKOB. 

O6pasen Ne 6389 c rmyOuuH 2077—2080 m. Tloponza Temuo-ce- 
ro WBeTa cJlaHueBaToH TekcTypbl. IIpu yape MOJOTKOM packKaJIbIBaeTCA Ha 
IHTKU TOMUMHOK 2—4 mM. [IloBepxHocTb MIHTOK poBHaA UM IIeKOBUCTAA, 
orga HaOm0aloTca 3epKaJla CKOJIbKeHUA. CrpyKTypa claHiepatas. MuHepa- 
THYeCKHH COCTAaB: CepHIMT, FHApocsiofa, MYCKOBUT, XJIOPHT, KBapl, H Kap6o- 
ATbI. OCHOBHaA MaCCa COCTOMT M3 YelllyeK CepHI[MTa HM PHAPOCMIONb, OPHeHTH- 
OBaHHbIX Mapa JesbHO CBOMMM JVIMHHbIMM pa3MepaMH, Ovlaroyapa uemy Ha6- 
‘OflaeTcA addekT MpAMoro M OMHOBpeMeHHOoro yracaHHa. B ocHOBHOH macce 
ABHOMePHO pacCeAHb! JIMH3OBHHbI€ CTAXKCHHA, CJIOMKEHHbIE MaKeTAMH MYCKO- 
aTa uM xuJioputa*. IlaKerbl opHeHTHpoBaHbI Nox yruom 10—80° k HanpaBae- 
10 CjlaHileBaTocTH. B ocHOBHOM Macce BCTpeyaIOTCA MeIKHe 3epHa KapOoHAaTOB, 
HKO paccCeAHHbIM YIvIMCTbIM NMTMeHT, JIMH3OBHHbIe CTAXKCHHA KBaplla MO3a- 
HOM CTPYKTYpbl H CeKYyIHe %KMJIKH KBaplla. Ha NoBepXHOCTH MHHepavioB 
SHOBHOH Maccbl HaOJIOAaloTCA MeJIKMe HTOMOUKM PyTHJa, HHOra 3epHa aHa- 
ie M mpu3mouKku anatuta (puc. 1). na xnoputa u3 naketoBs Ng~Np, = 
=1,615—1,620, N,=1,607 — 1,611, asynpetomieHHe HH3KOe, YIHHeHHe 
OOXKUTeMbHOe, yracaHue upsMmoe. Jima myckoBuTa u3 nakeToB Ny~N», = 
= 1,615 —1,594, N, = 1,580—1,570, 2V — neOonbuioh, yauHeHHe MoOKU- 
eIbHOe, yracaHve MpsxMoe. Jina  Yruypocaoybl OcCHOBHOL Maccbl 
lg = 1,588—1,585, Ny, < 1,560, yauuHeHHe NomoxKUTeIbHOe, yracaHve Mo- 
rd mpsamoe. TuapocitoqHucro-cepHuMTO-XJIOPHTOBbIM COCTaB OCHOBHOM Macchi 
OTBepxKMaloT u KPHBbIe HarpeBaHuA (cM. puc. 3). 

O6pasen Ne 637 c rayOuup 2189 mM. OuanHTONO_0OHDM cwa- 
ell, NOMOOHHI mpesbiqyulemy. Ormuune ero OT OMMCaHHOrO Bbillle 3akOUaeTCH 
HaIMYHH MUKpOcKJamuaTocTH (mmotuaTocTH), HaOmofaemol B WNde, KIN- 
aKa paspbiBa UM GOMbUIOrO KOJMYeCTBA JIMHSOBHAHbIX CTAXKEHHH WM 2KHJIOK MO- 
AMUHOTO KBaplia. 

O6pas3en Ne 6385 c rayOuub 2248 mM. Oppy3suBHad Noposa Mop- 
MpoBo cTpyKTypbI (nopdupuT). Ilopdupopbie BKpaneHHHKH MpeCTaBJIeHbI 


* O6pasopaHuve NakeTOB MyCKOBHTa H XJIOPUTa, BOS3MOXKHO, NPOHCXOAHNO B pesyIbTaTe 
3MCHEHHA OMOTHTA, CKOMMeHHA KOTOPOropacnoMaralHch BAOMb MNOCKOcTeH HalacTOBaHHa (?). 
meqbl KiacTHyecKoro OuoTHTa He OOHapy2KeHbl. 
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OMTOKs1a3-aHle3HHOM, CJlerKa UJI BeCbMa CHJIbHO CepHILHTH3H pOBaHHbIM. OcHOB- 
Had Macca CocTOuT 43 miarnoKiasa Ne 20—25 u Ouoruta. CrpyKTypa OCHOBHOM 
maccbl qHa6a3z0Baa. Tlopoza cuibHO H3MeHeHa — KapOoHaTH3HpoBaHa HM NMpH 
TH3HPOBaHa. a 

O6pasen Ne 634 c rny6uunn 2223mM u oO6paszsen N 632) 
c ray6uubt 2303 m. TepecnauBanue riuHUcTol Moposb C asleBPOJIMTOW) 


) 


Puc. 1. O6pa3en Ne 639. 100X npu Puc. 2. O6pazsex Ne 634. 40X npu 
1 HuKoue 1 HHkKoue 


WM mecuaHukKam: B wide Ne 632 HaGmofaeTcA MepeculavBanue, a B Wiude Ne 634; 
TOJIbKO KOHTAKT PIMHMCTOH M MecuaHol Moposbl. Tmunuctaa nopoya mpespa:) 
THJlaCcb B (PHJJIHMTONOMOOHbIA ClaHell, MecuaHad —B MeC4aHHK-KBapLUT. 


o6oux wwindax HaOwOflaercA HHTeCHCHBHaA MHMKPOCKJIaquaTOCTh HU OOnIMe ce! 


700° KYUIMX KBapleBbIX, KBapI[eBO-KaJIb:| 
IMTOBbIX H KaJIbIHTOBbIX %HJIOK) 
(puc. 2). 


| 

O6pasen Ne 633 ¢ ray, 
OuHb 2271M u OOpPaszerkL 
Ne 631 c ray6uuHun 2323 mI 
QhpysuBpwaA noposa nopdupoBor 
ctpyktypbl. [lopdupospie BKpamieH:) 
HMKH peCTaBJleHbl aJsIbOHTOM  F) 
aJIbOUT-OJIHTOKIa30M, KBaplleM, | 
peaKo OuoTHToM. OcHOBHasA mMaccé) 
COCTOHT TvlaBHbIM OOpa3s0M 43 MHK| 
POJIMTOB MOJIeBbIX LIMaTOB M KBapila.| 
won° ~\lopoya cuIbHO U3MeHeHa — Kap6o- 
sates AE ina ae Gite HaTH3HpOBaHa HW MMpHTM3HpoBaHa. 
NoNe 637 (a) u 639 (6). Hapecka 2 r. CKopocTb Muorga BCTPevaloTcA MYCTOTbI H MMH: 
Harpesa 10 rpag/Mun JlaJIMHbI, BbINOJIHEHHbIe XaJIIleOHOM, 

MOUTH TMOJIHOCTbIO 3aMEeLILCHHbIM BTO: 

PHUHBIM KBapileM. OnucaHHble OOpasiibl ay3HBOB OTHOCATCA K KBapILeBbIN| 
nop@upaM, avaslorMyuHbiM addby3uBHbIM MoposaM, WIMpoKo pacnpocrpaHeHHbin| 
B cpeqHem KapOoHe CepepHoro KasKa3a. : 
Hsyyenuble MOposbl, Kak 3TO BUHO U3 ONMCAHHA, NOsBeprasucb CHJIbHBIN| 
H3MeCHCHHAM TO], BOSeCHCTBHeEM CTaTHYeCKOrO H JMHAMHYeCKOrO JlaBJIeHHA, é| 
TaK2Ke MeTaCOMaTO3a, B pe3yJIbTaTe YerO OHH MpeBpaTHJIMCb B MeTaMopduso- 
BaHHble OCaJOUHbIe NOPOAb, CTOAMMe Ha TpaHH Me@xKLy NoposwaMu ocajlOuHbIME 
HM MeTaMopduyeckuMu. 
Kak ObWI0 ycTaHOBsIeHO Hau pauee (?~‘), crelleHb H3MeHeHUA KaMeHHOYTOJIE- 
HbIX NOPOA B sTlMreHese Ha TeppuTopuu Bovbuioro Jlon6acca nocTemeHHo yBe: 
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° 
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WMBaeTCA C CeBepoO-3allaa Ha 1OFO-BOCTOK, JOCTHTad MaKCHMyMa B aHTpa- 
‘TOBbIX PaHOHAX 10FO-BOCTOUHOH OKpanub! JlonGacca. KamenHoyroubHble OTVJO- 
HHA aHTPaMTOBbIX paHonoB J[oHOacca HaxOMATCA Ha CTaqMu Hava/bHOrO 
Tamopusma. B copmectuoli padote c A. IT. Koccoscxoii u B. JI. Iyrosnm ('), 
CBALWLCHHOH CTayMAM oCafouHOrO NopomoobpasoBaHuA, CTaluA HauadbHOrTO 
‘TaMOpdu3Ma WIM MeTareHe3a Nofpa3yeneHa HaMM Ha paHHuit uw no3sqHne 
rareHes. Hauasbubid Meramopdu3m B JloHnGacce cooTBeTcTByer paHHeMy 
‘TrareHesy. Bomee ruiyGokve W3MeHeHHA OCaZOUHbIX NMOpod — no3qHHi MeTa- 
He3 —OTMCYeHBI B MepMCKHX OTVIOxwKeHHAX BepxosuHbsa (*). 
Kamenuoyroububle nopofst Mnatospckol onopHol cKBaxKHHbI JOCTHTIM TOH 
CTYMeHH H3MeHeHHA, YTO MH NepMcKne oTJIOxwKeHua Bepxosubs. 

_ Takum oOpasom, B mpefestax Bonpmoro Jion6acca Ha6miofaioTea Bce Mepe- 
bl OT MOPO HEM3MeCHEHHBIX WI C1a6O H3MeHEHHbIX (30HA HOPMaJbHOrO MIM 
YabHoro 91iMreHe3a B J[HempoBcKo-JloHeuKoH BnagquHe, Ilpenjonelkom 
orvOe H Ha 3amayHOH, CeBepo-3anaqHOH Hu ceBepHol oKpauHe JloH6acca — 
JIaCTb Ppa3BUTHA JVJIMHHOMIaMeHHBIX HW Pa3OBbIX yrvieH), Yepe3 YMepeHHO H3Me- 
HHbI€ MOpoOAL (30Ha MporpeccuBHoro HIM rayOuHHOrO amMreHesa B J[oHeLl- 
M OacceliHe Ha TeppHTOPHH pa3sBHTHA cCMeKarlollNxcaA yrviel), CHJIbHO H3Me- 
“HHbIC MOPOb! (30HaA HatasIbHOrO MeTaMOpdu3Ma HJIM PaHHero MeTareHesa B 
(OHeEILKOM GacceliHe Ha TeEPpHTOPHU Pa3sBUTHA TOULMX HW AaHTPallHTOBbIX yruieli) 
OUCHb CHJIbHO H3MCHEHHBIX NOpod (30Ha HavaibHOrTO MeTaMOp(u3Ma WI 
»3Hero MeTareHe3a B 10ro-BocTO¥HOM ceKTope Bombuworo Jlon6acca — Mna- 
BCKaA ONOPHaA CKBaxKMHa). 


XapbKOBCKHH fYocyapcTBeHHbIM YyHHMBepCHTeT Tocrynmaio 
um. A. M. Toppxoro hy AN TS 


IMTHPOBAHHAA JIMTEPATYPA 


LA. T. Koccoscxkaa, H. B. Jlorsuneuko, B. A. Ulytos, AH, 116, 
2 (1957). 2H. B. Jlorsunenxo, JAH, 106, Ne 5 (1956): * H.. B. Jlore 
MHEHKO, 3an. Teon. tbakynbT. Xapbk. roc. yuus., 13 (1956). *H. B. JlorBue 
eHko, H3p. AH CCCP, cep. reon., Ne 7 (1957). 
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3 JLAH, Te 126, Ne 3 


Jlonaagm Akagemun nayx CCCP 
1959. Tom 126, Ne 3 


rEOXHMH#\ 


K. K. BOTHHLIEB u H. B. BEPBOJIOBA 


O BJIMAHMH CrOHHO-HAFOHHbIX ABJIEHHKH HW BHYTPEHHUX 
BOJIH HA THAPOXHMM4UECKHH PE)KHM O3EPA BANKAI 


(ITpedcmaeaeno axademuxom JI. B. Haauexunoim 21 XI 1958) 


TIpofoumKaemoe B noceqHHe rofpl BatikasIbckoH JIMMHOJIOrMUeCKOH CTaH}) 
uneli Akayemuu HayK CCCP usyyeHve TemnepaTypHoro pexkuma o3epa BaltkaJ) 
B palione noc. JIMcTBeHHYHOFO NOSBOJIMJIO BCKPbITb HaJIMUHe 3feCb ObICTPbN 
WM Tlouac BeCbMa 3HAYHTeIbHbIX H3MeHEHHH TeMMepaTypbl B BepxHeM 150-meT| 
POBOM CJIO€ BOJIbI, BbISbIBACMBIX CTOHHO-HaFOHHBIMH ABJICHHAMM HM BHYTPCHHHME) 
BowlHaMu (!). OcoOeHHO peskHe W3MeHeHHA TeMMepaTypbl BOAbI OTMEUAIOTCS| 
Ha MOBePXHOCTH O8epa B MepvoOs ero MaKCHMaJIbHOrO NporpeBa (aBryct). B sTq 
BpeMA HepeKO Ha MpoTaxeHHH | —2 cyToK, a MHOra Jake B TeyeHHe HeCKOVJIb | 
KUX 4aCOB, TeMMepaTypa BOAbI O3epa H3MeHAeTCH Ha 7—8°. 

TlonaATHO, YTO J[MHAMUKa BOJHBIX MACC O38ePa NOJOKHA CKA3bIBATbCA He TOJIbKC 
Ha TeMMepaTypHOM, HO M Ha XMMHYeCKOM perxKUMe NOceAHero. 

Kea BbIACHHTb, KaKOe BAIMAHHe OKa3bIBaeT JMHAMHKa BOJHbIX Macc O3epél 
Baikal Ha ero rHpoxXuMuyeCKHH pexKUM, MbI JleToM 1957 r. npoBenu pay Had 
JUOMeHHM Haj, CYTOUHBIMM H3MCHCHHAMH HEKOTOPbIX KOMMOHEHTOB B BepxXHeM 
50-mMeTpoBoM cJioe Bob! o3epa. [IpoObl BoxbI OTOMPasHCb B OTKPbITOM oO3epe} 
B 6—8 xm oT Oepera, 6143 noc. JIucTBeHH4HOrO, B HYHKTe MOCTOAHHBIX THApO} 
jlorMuecKux Ha6soneHnit, 8 pas B cytKH. B Bose onpelemaoch coxepxKaHHe 
pacTBopeHHoro Kucsopofa (MeTotomM BuuKksepa), cBo6oxqHoH CO, (TuTpoBal 
HHeM 100 mi Bogpt 1/50 N pacrBopom efKoro HaTpa) H HUTPaTHOrO a3oTa (me) 
ToJoM Tpanpasbya u Jlaxy). BriOop yka3aHHbIX KOMMOHEHTOB Obl OOyCJIOB| 
yleH 2KeJIaHHeM YCTA@HOBUTb BO3MOxHOe BMAHHe JHHAMUKU BOJHBIX Macc O3epi| 
Ha CYTOUHbIe (Ha IpHMepe KucOpya u CBOGOAHOM CO) u cesoHHbie (Ha MpuMepi) 
HMTpaTHOrO a30Ta) H3MeHCHHA XHMM3Ma BOJL. 1 

Bcero mpopeyeHo TpH cepHH HaOOJeHHH, U3 HAX [Be MHOTOCYTOUHBIX. 

Icepua HaOm0seHHH mpoBeseHa B Nepvo OKOHYaHHA BeCeHHel TOMO! 
tepmun c ll uac. yrpa 4 VII go 17 uac. gua 7 VII, mp nacmypHoli noroze ci 
cjlaObIM BETPOM IlepeMeHHBIX HallpaBJIeHHH MW JerKoH BosHe B 1—2 Oana. 

BeprukambHas cTpaTucukallua TeMMepaTypbl B Mepvok HaGmomenuii Opi! 
kpaltue H€3HauHTeIbHOH, He MpeBbllliad B BepxHel 50-merpogBoli 30He ru1y6u} 
1"; valle aMMHuTya U3MeHeHuM Temnepatypbl C rIyOuHOM exKana B Mpeseda’) 
0,4—0,6°. } 

PacmpefleeHwe HUTPaTHOrO a30Ta NO BePTHKaH ObwWwIO MpaKTH4eCKH OLHC) 
POAHbIM: CoflepxkaHve ero H3MeHAJIOCb B Ipefemax oT 63 Jo 72 mr/M?. Conepxxel 
Hue paCTBOpeHHOrO KUCOpowa u cBOGoAHOH CO, Takxe uCHbITEIBaIO JMU 
OTHOCHTeIbHO HeOOJIbIIMe M He3aKOHOMePHble H3MeCHEHHA Kak 10 BepTHKaJl | 
Tak M BO BpeMeHu. IlpaBHbHoro CyTOUHOrO xofa OOOUX KOMNOHEHTOB OTMETHT! 
He yJlaulocb. 

Ilcepua Hadmiofenni Obwia mpoBeqeHa B MepHok MakcuMasbHOrO nip 
rpepa Bod osepa c 8 yac. ytpa 3 VIII no 8 vac. yrpa 7 VIII. B reuenue seer! 
nepuona HaOsi0eHHH cTOAIa TakxKe NacmypHasd norofa co cna6bim (0,9-' 
3,1 M/ceK) BeTpOM MepeMeHHEIX HallpaBvleHHl, BbIZbIBABLUIMM JIM JerKoe BOL 
HeHHe Ha O3epe. 


650 


i) 


AMIJIMTya U3MeHeHHA TeMMepatypbl BOAbI NO BepTuKaJIM B Mpesemax BepX- 
aero 50-Merposoro clos riyOuH OcTHraJla B 9TO Bpema 8,8° (Ha NoBepxHocTu — 
MaKCHMyM 12,7°, Ha rutyOuHe 50 M — munumyn 3,9°). 3HaunTebHbIe H3MeHeHHA 
WMCIBITDIBAIa TeMMepaTypa H BO BpeMeHH (puc. 1). 

PaccMaTpuBax NOOKeHMe OTACIbHIX H30TepM (puc. 1), erKO BUeTb, YTO 
X MpocTHpaHHe NO BepTHKaJM BOspacTaeT c ryOnHOH. Ecnu usorepma 12° 
PpaHuuMBaetca OOsacTbIO riyOuH O—2,5 m, u3zoTrepma 10° —o6sactbIo ray- 
OuH 0 8,7 M, TO u3s0Tepma 5° oxBaTbiBaeT yxe riyOunbl oT 17,5 yo 45 M, T. e. 
jpacpocTpaHsAeTca B cu10e 
SB0]\bl MOLLHOCTHIO 22 M. 
elyeT OTMeTHTb MOUTH 


fp 


fl 


yi 


HATHe HM oOycKaHHe OT- 
JIeIbHbIX H30TePM COBMa- 
qaer BO BpeMeHH. Bovb- 
WMe H3MeHeHHA MO Bep- 
THKaIH $M BO BpeMeHH 
mpetepnespao B nepHoy 
uccleqOBaHHH HU Cosep- h 
>KaHve HUTPaTHOrO a30Ta | 
Be te Seopa es 12 aera HERE Leones, 
FHOCTHOM CJIOC€ BOJbI CO- MP EBEMIT BSW T BEN BE am 4D smn om 7B 
cM Cua SLT iN 7 
ijepxKaHve ero U3MeHA- 
OCb B Mpesemax 14—45 F Puc. 1. Pacnpezenenne Temnepatyp (cepa) H HUTpaTHOrO 
r/m?, Ha rayOuHe 5 M asoTa (clipaBa) B Towle Box 03. Bbalikan 3—7 VIII 1957 r. 
14—68 mr/m?3, Ha rulyOnHe 
10 m 32—81 mr/m?, na rmyOuHe 25 m 40—85 mr/m? u Ha ray6uHe 50 m 50— 
90 mr/m®. HeoOxoquMo OTMeTHTb, YTO HECMOTPA Ha 3HAUHTeJIbHbIe H3MeCHEHHA 
collep2KaHusaA HUTpaTHOrO a30Ta BO BpeMeHH Ha BCeX UCCeMOBAHHBIX MiyOunax 
lefO BePpTHKaJIbHad CTpaTHduKalMA OCTaBalaCb MOCTOAHHOH: codep2xKaHHe BCer- 
Ja Bo3pacTao c riyOuHoH. 
_ Vs cpasnenusa puc. | u 2 acHo BUHO, YTO OOMMMH XapakTep U30NWIeT HUT- 
paTHoro a30Ta BeCbMa MloxoxK Ha xapakTep u30TepM. Mx HanOombuimMe nosHA- 
THA MW ONYCKaHUA B 3HadHTeIbHOM Mepe coBnaflaror. Kak uM y H30TepM, y H30- 
MuleT HUTpaTHOrO a30Ta BO3pacTaeT C PIyOMHOM MpocTHpaHve MO BepTuKau. 

CpaBHuBad aMMIMTyAy BepTHKaIbHOrO MpocTHpaHuA Us0NeT HATPaTHOrO 
a30Ta C TaKOBOM COOTBETCTBYIONLNX H3OTePM, JIerKO 3aMe€THTb H UX CYLLeCTBeH- 
Hble pa3/JIMYHA, a HMCHHO 3HaYHTeIbHO OO/bIUMH pasMax NpocTupaHHuA U3ONNeT 
HUTpaTHoro agora. JlelicTBUTeIbHO, CCIM MAKCHMAaJIbHad aMIWIMTYa H3MeHeHHH 
MIPpOCTpaHCTBeHHOFO pacnoulo%KeHuA H30TeEpM NocTuraeT 20—22 Mm, TO cooTBeT- 
CTBYIOUaA aMIVIMTYJa U380MeT HUTpaTHOrO a30Ta CocTaBsAeT yxKe 45—47 M. 
O6bacHHTbh HaGlOJaeMble pa3JIM4HA TOJbKO BePTHKaJIbHbIM NepeMellleHHem 
BOJMHBIX MACC BPA], IM BO3MOXKHO. BeposTHO, OHM OOYCJOBseHbI ONHOBPeMeHHbIM 
BOSJCHCTBHEM BePpTHKaJIbHOrO HW TOPH3OHTAIbHOrO MepeHoca BOAbI, Ha YTO KOC- 
BeHHO yKa3bIBaeT TOPH3OHTAaIbHad HEOAHOPOAHOCTh pacipezeeHuA HATPaTHOrO 
a30Ta B TOM 2Ke palione B KOHUe uloId — aprycta 1957 r., OTYeTMBO BBIABJIAIO- 
WaicA Ha MoMmepeyHbIxX PMAPOXHMHYeECKUX mpodusax (rads. 1). 

Auasoruunoli Opwia KapTHHa MpocTpaHCTBeHHOTO pacipefleseHHA KUCJIO- 
pojla BO BPeMeHH, MPH BbIPAaxKeHHH COMepAXAHHA NoOCMeHerO B MpPOWeHTaXx Hacbl- 
menu. OOulwii XapakTep H300KCHreH MH H3MeHEHHA aMIWIMTYAbI UX MpocTupa- 
HUA C PIyOMHOM XOpOIO cormacy!oTCA C XapaKTePOM COOTBETCTBYIOUINIX 30- 
let HATPaTHOrO agora u u3s0TepM (puc. 2). OHako ata OOULHOCTh pe3KO Hapy- 
WWaeTCA, CCIM MPH MOCTPpOeCHHH KPHBbIX BbIPasHTb COAepKanve KUCMOPOAa B 
AOCONIOTHBIX BeHUMHaX. B 3TOM cyly¥ae YaCTb H300KCHTeH MpHHuMaeT CPopMy 
34MKHYTHIX IMKJIOB, MPOCTpaHCTBeHHOe PacliONO%KeHHe KOTOPbIX BO BPe€MCHH 
yxKe He CorsacyeTCA C TAKOBbIM H3OIWIeT HATPaTHOTO a30Ta H U30TePMaMH. 
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Ta6auna 1 


BeprukaabHoe M ropu30HTambHoe pacmpesemenue HUTpaTHOrO nate Boyjax 08: baitk ag 
Ha mpodune mpc Bepesospili—crt. TaHxod B uioue-aBrycTe 4957 r. (B Mr/M®) | 


: cS) | ) 9 1 s ag ue be 
2 = So 53 go & i og SQ Sg 
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mS x xQ <Q ee) SS 3 a 
35 © 26 280 1 fo ae So 2 Slo 2:0 280 9 
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4 VIII|, . 0 Ob] 54 40 20 VIII 0 0 0 0. 
33 54 54 40 ° 0 0 0 
40 68 58 45 10 0 0 0 
25 77 63 72 Ds 0) 25 36 
50 i 63 72 50. |. 54 68 68 


Heo6OxofMMO OTMETHTb, JTO MpaBMJIbHOrO CYTOYHOTO xofa KMCIOpOsa B Me- | 
pHO HaliMx UcceqOBaHHH B aBrycTe OOHaApyXKUTb He yaJlOcb. | 
Vismenenus cojepxKaHua cBoOoxHOH CO, cormacyloTca C H30TePpMaMH JIMLUIb | 
yactuuHo (pue. 2). Tak, ecnu B 11 uac. yrpa 4 VIII Ha rayoune 10 m usomuerta | 
cBoOosHoH CO, mpHOIH3uTeIbHO MOBTOpAeT XO COOTBETCTBYIOMeH H3OTEPMBI, | 
TO Ha raryOune 50 M Ge KpuBple Haxogatca B mpoTuBodase. B 11 uac. yrpa 5 VIII | 
paccMaTpHBaeMble KpHBBIe | 

Ie #4 OKa3bIBaloTCA aHaJIOrHy- | 


s Ul et eee 
3 SL spe al &f& Ss . 
ack hy ~ VV isi Jee ii \ -HBIMH Ha Bcex rlyOuHax | 
i) = pa, Mn ‘wT. 2. HanOoupue pac- | 
° \| f iL | xoxkeHuaA B OOuleM xa- 
= /\ | 7 hi \ pakTepe KPMBbIX HaOJIO- | 
J cio | 
Al HL BOJbI, C TuyOHHOK 9TH | 
' 


; JlaloTCA B BEPXHUX CJIOAX | 

| H3MeHeHHA HECKOJIbKO | 

\ YNOpAOUMBAIOTCA. | 

| x II] cepua Ha6mw- | 
i 
S 
antl 


J) 


JeHHH, MpoBeleHHaA C_ 
11 uac. yrpa 6 IX jo 


& 


v 


j BIS Rs SS & N 
ie \d\ of TP TP Tae 11 yac. yrpa 7 IX uw 
Oe GLE Eo MNpepBaHHaA B JaJIbHeH- 
“Wa DEM BSA IE SD OS PRETEND BENT 2 ee B CBA3H CO LITOPpMO 
ious le RL IEE Me a . i 
BOH Norofouw, ana pe- 
Puc. 2. Pacnpezenenue pacTBopeHHoro Kucmopora 3YJIbTaTbI, OU€Hb OIM3KMe 


(cmeBa) u cBo6oxHOH COs (cmpaBa) B Tome Bod 03. Balikan 
Fa 38—7,VIII 1957 r.j ie 
abt VSt SEM Ete 4 SS emer ———eeremtienes «=: PAH. Cylelyer JIMiIb OTMe- 
THTb, YTO COfep%KaHHe HUTPaTHOTO a30Ta B BepXHHX COAX BOMB Baiikana 


ynato B STOT MepHox Jo avamMTHYecKoro Hyia. B  HeOonbmmx KonnUe- 
crpax (20—25 mr/M*) nuTpaTHbIt a30T OOHapyxuBasica sub c TlyOu HHI 
oxono 50 M (Ha6m10JeHuA BCeHTAOpe OXBaTHIBaIM OOMaCTb ray6uH fo 100 m). 

XOTA MpoBeseHHble UCCIeLOBAHHA elle MaJIOUMCIeHHBI, TeM He MeHee OHM 
AatOT BO3MOXKHOCTh ClelaTb HEKOTOPble HeOeSbIHTepeCHble BHIBOALI. Bpwo ycra- 
HOBJIeHO, UTO B Balikase JeicTBUTebHO MMeIOT MeCTO pe3KHe H3MeHeEHUA cojep- 
*KAHMA B BOMe OTACNbHBIX KOMIOHEHTOB Ha IPOTAKEHUM KOPOTKOFO NpOMexXyT- 
Ka Bp€MeHH, B YaACTHOCTH MepHOAMYeCKH MOBTOpsiolleeca MOBBIMeHHe KOH- 
eHTPalluH HMTPaTHOTO a30Ta B BePXHUX COAX BOI, compoBorxksatomleeca 
HEKOTOPbIM TIOHW2KCHHEM HaCbIINeHHA BOI PacTBOpeHHbIM KHCAOpoyom. Ilpu 
5TOM CosepxKanve HUTPaTHOrO a30Ta H3MeHAeTCA MHOrya B 2 u Waxe B 3 pasa 
Ha mpoTsxKeHuu cyToK. B. YH. Bep6onop (') nonaraer, uro 3TH nepHowuuecku 
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K aBrycTopcKon (II) ce- 


TMOBTOPAIONIHECA H3MCHEHHA.TeMMepaTypbl BOLL nu XUMMYeCKHXx (PakTOPOB eCTb 
cileqCTBHe BOSHHKalollel B Baiikane nonepeyHot BHyTpeHHel reocrpoduueckoli 
celitiu. OGcTOATeIbCTBO STO 3aCTAaBIAeT C OCOOOM OCTOPOXKHOCTHIO HOAXOLUTb 
K XapaKTepHCTHKe Ce3OHHbIX H3Me€HEHHH B COJepKaHHN OMOFeHHbIX 3JICMeHTOB, 
OpraHHyecKkOro BelleCTBa, PaCTBOPeHHBIX Ta30B MH HEKOTOPbIX Apyrux KOMMO- 
HeHTOB B BOsax Balikana u elaeT MOHATHBIMM BCe Te OTKJOHEHUA OT Ober 
3aKOHOMePHOrO Ce30HHOFO H3MEHEHHA OTJCJIbHEIX KOMMOHEHTOB B BOsax O3epa, 
KOTOPble 4YaCTO HMEIOT 3)[eCb MeCTO. 

IIpeqnonaras, uro HavOouee MpaBHJIbHbIe JaHHbIe O Ce30HHBIX H3MCHeHHAX 
CojlepsKaHHA TOO HJIM HHOFO KOMMOHeHTAa! MOXKHO NOMYIUTh NO cpelHecyTOUHbIM 
| BeJIMYHHAaM eFo COJep2xKaHHA Ha JaHHOM 


POPH3OHTe, MbI MPOBeIH COOTRETCTBYIO- 
Ive pacueTbl CpeqHecyTOUHOrO cosepxa- 
HUA HATPaTHOPO a30Ta B cepun 3—7 VIII 
(II cepus) (rad. 2). 

Jlerko BUJeTb, UTO B BEPXHHX COAX 
BOAbI MO TiyOuHb! 25 M B_ nepHor 
Hallux HaOwJ1leHul NpOHCxoju1o0 
ObicTpoe NafeHne cojlepxKaHuA HUTparT- 
Horo a30Ta. Ha rmyOuHax 25—50 M co- 


. Ta6muna 2 


CpeqHecyTOuHbIe BeIMUHHbI CcoyepKanus 
HHTpaTHOro a30Ta B Boax o3. Balixan 
B paHoue noc. JIMcTBeHHYHOrO 
3—7 VIII i957 r. (B mr/m3) 


I any6Ouubt 


lata 


10m | 25 M 


Jep2kaHue ero OCTaBaOCb Ooslee cTaGHJIb- 
HbIM, XOTHA H 3,eCb MPOH3OLVIO HEKOTOpoe 
najlenue. BeposTHee Bcero, 3HauHTeJIb- 
Hoe MafeHwe cojepxkaHHA HUTpaTHOTO 
a30Ta B BEPXHHX CJIOAX BOJbI OOycIOB- 
Ji@HO MoTpeOIeHHeM ero (UTOMIAHKTO- 
HOM. STO MOATBEPKAaeTCA Take Jab- 
HeHINUMM CHHKeHHEM eFo COJepKaHHA BIVIOTh JO AHANMTMYeCKOTO HYJIA B BepXHeM 
10-meTpoBoM culoe BoybI yxKe K 20 VIII (cm. Ta6a. 1). OrHocuTenbHaa cTa6uJb- 
HOCTb CPeAHECYTOUHbIX BeJMYMH COepo%KAHHA HHTPaTHOTO a30Ta Ha TwIyOuHax 
CBbulle 25 M, a Tak2Ke MpaBuJIbHOe NOCMeMOBAaTe/IbHOe MaeHue ero cosepKaHun 
BO BpeMeHH Ha r1yOuHax O—10 M, roBopsiT O TOM, YTO CpeAHeECYTOUHDbIe BeJIMYHHBI 
Coep2KkaHHA JaHHOrO KOMNOHEHTA JeEHCTBHTeIbHO Ooslee AOCTOBeEpHO OTpaxkatoT 
CeSOHHbIM XO, ero B BOJax O3epa, HEXe/IM OMHOKPATHble B TeYeHHe CYTOK OMpe- 
JeeHHA, MpOBOAMMble Wake B OHH MH Te Ke yacbl CYTOK. 

Uto KacaeTca KuCOposa H cBOOoAHOH CO,, TO HX AHHaMHKa Olarogzapsa 
NOCTOAHHOMY BJIMAHHIO ONONOrMYeCKHX H OHOXHMHYECKHX MpotleccoB, MmpoTe- 
KalolluX B TOME BOL o3epa (oTocuHTes, WbIxXaHHe H Mp.), a TakxKe raso0OMeny 
Bofoema c aTMoctbepoH oKa3bIBaeTCA Oovlee CJIOKHOH. 

Hamm uccieqoBpaHus, MO CyUleCTBY, ABJIAIOTCA MNepBOH NMONMbITKOM NpoBere- 
HUA HeMPePbIBHbIX HaOMOJeHHM Hay CyYTOUHBIMA H3MCHEHHAMU OTJeJIbHbIX KOM- 
NOHeEHTOB B BOJax 03. Balika B TeYeHHe HECKOJIBKUX CYTOK NoApaAy. Onn orpa- 
HMUMBAIOTCA JIMIUb HeEOOJIbIUHM PpaHOHOM O3epa, HeMOCpeACTBEHHO IIPHMbIKalo- 
mum K JIMCTBeEHHYHEHCKOMY 3aJIHBY, HMeIOLEMY HeKOTOPYy!O CMelMuyHOCTh 
rupoxumuyeckoro pexkuma. B «muTepaType Mbl He BCTpeyalH aHasOrM4Hbix 
McCJIelOBaHuli, MpOBeJeHHbIX Ha Apyrux osepax. Tem He MeHee MOXKHO TIpesno- 
WlaraTb, YTO BJIHAHMe CPOHHO-HaFOHHbIX ABJICHHH WH BHYTPeCHHHX BOJIH Ha rHuy- 
POXHMHU4eCCKHH pexXHM BOJOEMOB LWHPOKO pacnpocTpakeHo, MO KpaliHelt Mepe 
Ha KPyMHbIX o3epax, M Balixan He MpesCTaBJIAeT B 9TOM OTHOLEHHH HCKIONe- 


HHA. 


3 VIII 36 | 47 D9 63 74 
4VIII 34 | 42 52 70 79 
0 VIII NSP} 2A8 39 641 70 
6 VIII 14 | 18 36 52 64 
7 VIII 12") 48 36 02 64 


Tloctynusto 


BalikanbckaA JMMHOOrMYeCcKadA CTaBUMA : 
16 XI 1958 


Bocrouxo-Cu6upeKoro dbusimayia Akanemun uayk CCCP 


UMTHPOBAHHAXN JIUTEPATYPA 


1B. HW. Bep6oaoB, Bausnne CroHHO-HarOHHblx SIBACHMHM W BHYTPCHHHX BOJIH Ha 
pacmpeyenenue Temnepatypb BosbI p Balikase. Tes. WOK. Ha TpeTbeM Bcecolo3H. rH{poONOrHy4. 


cpe3ne, 1957. 
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Joxnayn AKageMuu HayK CCCP 
1959. Tom 126, Ni 3 


TIOYBOBEHEHHE 


K. E. FHH3SBYPL 


O NOPJIOL[EHHH SOC®OPA FHAPATAMH OKHCEHM 
\KEJIEZSA WM AJIKOMMHHS HW MOUBAMHM 


(IIpedcmaeaeno akademuxom H. B. Tropunom 19 XI 1958) 


J\na onpefemeHua ‘MOXBYXKHEIX CocaTOB MOYBbI WHPOKO MpHMeHAIOTCA 
BbITHXKKU CO CAObIMH KUCMOTaMH. OAHAaKO B Npollecce MPHFOTOBJICHHA BbITAKKH 
yacTO IpOHCXOAMT BTOpHuHOe NOrsouleHve tochaToB TBepAOH tasoH MOUBHI. 
Pay uceeqoBaTelel (WIA MpeOTBpalleHHA BTOPHYHOrO NorioweHuA cocdopa 
mpeqviarasid BBOLUTb B BBITAKKY OPTOOKCHXHHOJIMH, CeJIeEHHCTY!O KHCJOTY, 
(PyIbBOKUCOTY HM [pyrve BelllecTBa, CMOCOOHbIe OOPas0BbIBaTb HePpaCTBOPHMbIe 
COCIMHEHHA WJM’ KOMMICKCbI C PHA paTaMH NOJIYTOPHbIX OKHCJIOB *Kelesa, aJito- 
MHHUA, MapraHila UW Ap., NosaBsIaaA TAKUM OOPa30M UX CMOCOOHOCTH K MOTVOLMe- 
HUIO Mepelliequiero B pacTBop tocdopa (', *, °°). Peppapu (4) Ana sTOH en 
PeKOMeHJOBaJl MepeXOAAMIMH B pacTBOp B Mpollecce 9KcTpakUMu (hocdop cBA- 
3bIBaTb B KOMIUJI€KC, B BHe CHHeH  ocopHo-MOJIHMOeHOBOH FrereponouH- 
KUCJIOTEI. 

B wacrosmeli pa6oTte u3ydaslacb CMOcOOHOCTb pxAya peareHTOB MpesoTBpa- 
ulaTb MorsouleHue cpoctbopa ruApaTaMu OKHCeH *Keslesa, aOMHHHA WM MOUBaMH. 

Icepuax onutos. Hasecku R(OH); no i r 4 NOYBeHHBIX O6pa3lloB 
no 2 fr momellatucb B KOAObI OpmeHmetepa Ha OO—100 mua; kK HMM 
HoOapiasocb m0 20 MA pacTBOpOB pa3JIM4HbIX peaKTHBOB, MpHyeM B 
TeX BapWaHTaX OllbITa, Te MPHMeHAOCb OJHOBPpeMeHHO J[Ba peakTHBa, 
Opaiu 15 Mia allerarHoro OydepHoro pacTBopa (HIM Apyroro peakTHBa) HW nO 
5 Mi5% MouMOXeEHOBOKNCIOrTO aMMoHHaA un 0,1% amtomuHoHa. Cmecb | yac 
B30aITbIBalacb, 10 uac. HacTauBaslacb; locwie 3TOTO B Kaxk yo Ko6ouKy Mpu- 
JIMBallocb 10 5 Mi MeyeHHoro P*®? pacTBopa MOHOKasIbuMdochata, U3 Takoro 
pacueta, UTOObI BHECeHHOe KOIHYeCTBO CPoctopa NOYTH MOJHOCTHIO NOTOMLaJIOCb 
cop6eHTom; pH 9Tom Ha 100 r npenapaToB u no4uB JoOaBANOch K Fe(OH)s 
500 mr P2Os; k Al(OH)s 50 mr P2Os; k uepHosemy MU JepHOBO-NOL30INCTOH MOUBe 
40 mr P,O,;; kK KpacHosemy 135 mr P,O;. Cmecb moBTopHo BaGaJITbIBaslach B 
TeyeHne 6 4ac. M HacTaHBalacb B TeyeHHe 40 Yac.; 3aTeM PUMIbTPOBaacb Yepes 
ABOHHOU PuIbTp Cc CHHeH OOMOTKOH HIM Yepes MeMOpaHHBI cbusmbTp. M3mepe- 
HHe€ AKTHBHOCTH (UJIbTpaTa IMpoBOANOCb Ha ycTaHOBKe 5, cuyerunKom AC-2. 

KoyimuecTBo morsouenHoro (ocopa BBIMHCAAI0Cb MO pasHOCTH mexy 
AaKTHBHOCTbIO HCXOAHOrO pacTBopa cbocdbata H paBHOBecHOrO. 

PesybTaTbl onbirop c R(OH)s mpemctapienbt B Ta6n. 1, ana nou — 
B TAO. 2. 

IIpeapaputenbHad o6pa6orKa Fe(OH); pasiuunbiMd peakTHBaMH, B TOM 
uvcne HW K,ylFe(CN),], Bo Bcex cayyaax, KpOMe BapHaHTOB c jobaBeHHem 
MOJIMOLEHOBOKNCIOrO AaMMOHHA, He MpHBesla K YMeCHbIUeCHHIO NOrMiOWleHuA HM 
tpoctbopa. B mpucytcTBuu xe pacTBOpa MOMMOAeEHOBOKUCJIOrO AMMOHHA Norvorie- 
Hue cdbocopa Fe(OH); cHu3umocb co 100 no 2—5%,. 

IIpeqpaputembuaa oOpa6otka AI(OH)s; pa3siuuHbiMm peakTHBaMu B paye 
CJlyYaeB 3aMeTHO CHH3HJIa Normomenve UM cbocdbopa: Ha 30—40% B npucyreTBuH 
TpuoHa B urymara Na, na 73% B mpucytcrBHu 0,1 N pacrsopa NHaF u ua 
90% B MpHCyTCTBHH pacTBOpoB, Coep2KaluX Cob MOMMOeEHOBOKUCAOrO 
amMoHHa. J[oOaBuleHve pacTBopa asIOMMHOHA Jd MpesorBpamenua cop6unn 
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Ta6Oauna 1 


Tlornomenue docopa npenapatamu Al(OH)3 u Fe(OH)3 8 mpucytctsuu pacTBopos 
Ppa3ssIMUHbIX peareHTOB 


P,O,, Mormom. cop6entamu, 
B % K BHeC. KOJIAY, 


Jlo6apnenHplit peareut 


Fe (OH), Al (OH), 

Bona, pH 5,8 100,0 100,0 
yymar Na (350 mr C ua 100 r mpenapara), pH 7,3 97,9 61,5 
10% tpunoH B, pH 4,8 9973 69,5 
pa N NHGF, pH 6,3, .  , 99,7 27,6 
10% Ka[Fe(CN)e], pH 6,0 98,6 48,7 
UHsCOOH + CH3sCOONa, pH 4,9 99,7 85,9 
2HsCOOH + CHsCOONa + 0,1% auomuHoHa, pH 4,9 100,0 80,0 
HsCOOH -++ CHsCOONa + 5% (NHa)eMoO,, pH 4,9 Ree lS 

1,0 N CHsCOOH, pH 2,5 100,0 98,7 
0,0 V CHsCOOH + 5% (NHa)eMoO,, pH 2,6 Det 9,2 
by 0 (NH,4)2MoOg, pH 5,6 13,0 22,6 


Tao6auna 2 


Tornoujenue dboctbopa nouwaMu B MpPHCYTCTBHM pacTBOPOB pa3JMYHEIX peareHTOB 


P,O;, Norsjoul. copOeHTamMH, B % K BHEeC. KOJINY. 


Hobansennniii pearenr eGatiaene | cocmcar alan ee 
(Boponexck. o6m.,| (MocKkosck. o6.1., (fpysCCP, 
KamMeuHaa crTemb) onmronpyaqHaa) Auaceysin) 
Boga, pH 5,8 (Oe 83,6 98,9 
On NONHGF, pH 653 Her jaHHbix 48,8 57,8 
10% Ka[Fe(CN)e], pH 6,0 80,5 86,4 96,7 
CCHsCOOH + CHsCOONa, pH 4,9 Her jauHpix 82,8 94,2 
‘CH3COOH + CHsCOONa + 0,1% auto- 
muHoHa, pH 4,9 58,9 Oe) 93,4 
CHsCOOH -+ CH3gCOONa + 
+ 5% (NHa4)eMoO,, pH 4,9 13,5 V2 227 
Boma + 5% (NHa)2MoOg, pH 5,8 Her jaHHbix LORS 30,7 


qpoctbopa TrHApooKHcbio asIOMHHUA OKa3as0cb MawlosdekTHBHbIM. Takum oOpa- 
30M, C Tomol{bio pactBopoB KalFe(CN),! u auiomHHOoHa B YCJIOBHAX OMbITa 
He yasocb pa3srpaHuuyuTb yyactue Fe(OH); u Al(OH); B norsomenuu qoc- 
dopa mousol. OgHako JIA 3TOM We OKa3aJICH MpHrofHbIM pacTBop @TopKc- 
TOrO €AMMOHHS, B WpucyrcrBuu KoToporo Fe(OH)s He cHH3H/I cBoeH cmoco6- 
HOCTH Morsouatb cbocdop, Tora Kak cop6una docitopa Al(OH)s sHauuTebHo 
ynama (co 100 no 27%). 

Jlanupie Ta61. 2 noKa3pipaior, uTo B mpucytcrBun 0,1 N pactsopa NHaF 
NlormoweHue cdbocopa Kak JepHOBO-NMOA30MCTOH MouBOH, TaK H KpaCHO3eMOM 
YMeHbIUNIOCb mpumMepHo Ha 40%. Ilormomjenue docdopa nouwBamMu B MpucyT- 
CTBHM pacTBOpa MOJMOJeCHOBOKHCJIOrO AMMOHHA 3HAYHTebHO YMCHbLIMJIOCb: Ha 
YePHOSEMHOH HM AepHOBO-nossomucTOH mouBax c 80 yo 10—13%; Ha KpacHo- 
3eme c 99 no 23—30%. 

Ilcepua onutos. Hapecxu Fe(OH)s u Al(OH); no 5 r Kayan 
W mouB no 25 r noMelilamucb B KONObI Dpsenmeliepa Ha 100—250 ma; kK R(OH)s 
mpusuBasocb 50 Ma, a K Noupam 100 Ma MeyeHOrO pacTBOpa MOHOKaJIbUMKpoc- 
cbata, cojlepxamlero Takoe kKomHYecTBO (boctopa, KOTOPoe NOYTH MOJIHOCTbIO 
copOuposasocb Opt. Mcxoza u3 storo Ha 100 r mpenapaToB M NOU joOaBuA- 
moc: yuia Fe(OH)s 1094 mr P,Os; gaa Al(OH)s 145 mr P2Os; kK KpacHosemy 
218 mr P2Os; K JepHoBo-nogsomuctoli mouse 64 r POs. HonyuenHad cmecb 
B30asITbIBaIaCb Ha poTaTope B TeveHHe 8 Yac., HaCTaMBaslacb B TeueHne 48 4ac., 
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a 3aTeM (puJIbTpoBaJlacb. B (buIbTpaTe oMpefeiAIOCh COMepzKaHHe o6ulero cocs"" 
dopa KOMOpHMeTPHYeCKH HW MeYeHHOrO PasMOMeTPHUeCKH. Ilo pa3HocTH MexLy,)) 
collep2KaHiem oOmero cboccbopa B MHmurpamMMax P2OQs usm MeyeHOrO cbocdbopa’! 
B HMIlyJIbCaxX B MHHYTY B HCXOJHOM HM PaBHOBeCHOM PaCTBOPaX BbBIMHCIIAJOCB 
KONIMYeCTBO MorsouleHHOro cbocdopa. JlanHbie no cop6uuu docsopa nouwaMyH,}}} 
MOJLYYeHHbIe C MOMOULbIO YKa3aHHbIX JByX MeTOJOB, XOPOIO Mex*KAy co6oi CoB-|) 
lai; ceLoBaTeIbHO, B YCJOBHAX OMbITa He ObwwIO 3aMeTHOTO BbITeCHeHMAS)) 
cocdopa H3 MOUBBI. Beenie 4 

B nepecuere ua 100 r cop6entos Fe(OH)s 4 KpacHosemHaa NouBa COpOupoBasH | 
Bce KouMuUeCTBO JObaBeHHOro cbocpopa; Al(OH)s 121 mr P2Os (87%); HepHOBo-¥ 
moy3omucran noua 59 mr P2Os (93%). q 

OG6oraujeHHble tboctbopoM MpenapaTbl MH NOYBbI OTMbIBaJIHCb Ha BOPOHKEd} 
96° sTHJIOBbIM CHHpTOM OT u3ObITKa coctbaTa, MpOcyIUMBaucb Ha BOSYXe, WH 
3aTeM TILATeEIbHO pacTUpaMCb JO OLHOposHOoro nopouika. Ilocue sToro HaBec # 
Ku Fe(OH)3 u Al(OH)s, no 0,5 r Kaxkgaa, M NouB, No 27, MoMellaIMCcb B KOJI» Ih 
6ouku Dpeumetiepa Ha 50—100 mai; K HUM JOOaBIANOCh MO 25 Mi PacTBOPOB H 
Pa3/IMYHbIX PeaKTHBOB JIA BbITeCHeHHA COpOupoBaHHoro ocdopa; nosyyenHad || 
cmecb 6 uac. B3OaITHIBalacb, 40 uac. HacTauBaJlacb HW 3aTeM (UJIbTPOBaach 
yepes JBOlHbIe PULTPbI C CHHei OOMOTKOM HIM Yepes MeMOpaHHble (PUJIbTPHI, ¥ 
MOCse Yero MPOU3BOAMMOCb H3MepeHHe AKTHBHOCTH CULTpata. PesybTaTbl aHa- § 
JIM30B MpescTapsenb vid Fe(OH)su Al(OH)s8 Ta6a. 3, a qa nouwwB —B Ta6m.;4. | 


Tadaunal3 


Kf 
th 


t 


BpitecHenve docpopa, cop6upopaxHHoro mpemapatamu R(OH)s, pactBopamMuv pa3mMUHbIX 
peareHTos 


P,O,, Nepel. B PacTB. 
B % K cop6up. KomH4. 4 
BpirecHuTesu 


Fe(OH), Al(OH), 
Boga, pH 5,8 0,2 “O41 | 
0,1 N NHgF, pH 6,3 oa 50,5 
9% TpHoH Bb, pH 4,8 6,6 Zar 4 
Tymar Na (8500 mr C ua 100 r mpenapata), pH 7,3 4,9 28,8 | 
10% Ka[Fe(CN).], pH 6,0 8,4 oi? , 
CHsCOOH + CH3COONa, pH 4,9 AT 18,3 
CHsCOOH + CHsCOONa + 0,1% amiomunona, pH 4,9 47 17,0 
CH3COOH + CHsCOONa + 5% (NH4)zMoO,, pH 4,9 41,3 42.6 


TaOauna 4 


BritecHenne dociopa, cop6uposaHHoro moysaMu, pacTBopaMH Pa3IHUHBIX peareHTOB 


SE eee ee eee 
P,O,;, Mepell. B pacts. 
B% K copOup. KomHU. 


BuitecHuTenu Bey ap ea 


mucTad cpemHe- KpacHOSeM 
eur nmpuctay (TpysCCP, 
OCKORCK, ar 
Toaeeieees Auacey se) 
ee "dei eee ee geet me ae een 
Boga, pH 5,8 10,2 
0,1 NV NHLF, pH 6,3 ie Ae 
10% Ka[Fe(CN)s], pH 6,0 8,7 1:6 
CHeQ00H + CHaCOONa, pH 4,9 15,4 4,0 
3 + sCOONa + 0,1% astomunona, pH 4,9 20/4 8 
CHsCOOH + CH;COONa + 5% (NHq)2MoO,, pH 4,9 85.2 ie 
Boga + 5% (NH,4)2MoO,, pH 5,8 62.7 43,4 


janie Ta6n. 3 moKa3piBator, uro rymat Na, 5% pacTBop Tpuuona 5, 
10% pacTBop KalFe(CN),], aueratHo6ydepHast cmecb c aJvlIOMHHOHOM u 6e3 
Hero, 0,1 N pacrsop NHaF spirecnuim o4eHb He3HayHTeAbHbIe KomMUeCTBA 
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ocopa, morsomenHoro Fe(OH)s (4—8%), Tora Kak B onpire c Al(OH)s 
0,1 N NHaF sprrecuua mourn 50% normomenHoro docopa, rymat Na 29%; 
DCTaJIbHbIe P€aKTHBbI BbITeCHHIM OT 17 Jo 23% cop6upoBaHHoro cocdopa. 

B npucyTcTBHH pacTBOpa MOMOJCHOBOKHCOFO AMMOHHMA BbITeCHeHHe MOrvo- 
eHHOrO dboctbopa u3 penapaToB Fe(OH)s u AI(OH)s noxoguao no 41—43 %. 
Jlauubie TaO. 4 NoKasbilBaloT, YTO BbITeCHeEHHe COpOupoBaHHoro ocdopa 
Pa3JIMUHbIMM peareHTaMH B OOJIDIUIMHCTBe CuIyyaeB MpoOxosuso Coulee HHTeH- 
(MBHO Ha JepHOBO-NOJ30NMCTOH mMouBe, YeM Ha KpacHo3eme. Tak, pacTBop 
0% KalFe(CN),], auerarHo6ydbepHaa cMecb c aJIOMHHOHOM H 6e3 Hero H3 
i PacHOSeMHOHM MOUBbI BBITeCHHIH CilelbI cboctbopa (1,5—4%), u3 epHoBo-nog- 
‘ omucToH noun 10—20% nornoujenHoro docdopa. Pacrsop 0,1 N NHaF 
HBbITeCHHJI U3 OOeHX MOYUB TIPHMeEPHO OMHAKOBbI MpoweHT cboctbopa (40—49 %), 
TO COBMaaeT C JaHHbIMU TaGu. 2 no MormoueHHio cboctbopa STHMH 2Ke TOUBeH- 
JHbIMM OOpPasilaMH BIIpHcyTcTBHH HOHOB F. Jlanupie TaGu. 2 u 4 Jaror ocHOBaHHe 
Wapeanosarare, 4TO Ha H3YYeHHbIX OOpasiax NoyuB mpHMepHo 40% cop6upoBaH- 
Horo cocdopa OOycOBJIeHO TIpHcyTCTBHeM B HUX CcoesuHeHHM Tuna Al(OH). 
‘Kak 4 B Apyrux BapwaHTax ompita (cM. Ta6a.1 u 3), BbIrecHeHue cboccbopa 
JM3 TIOUB PaCTBOPOM MOJIHOAEHOBOKHCIOrO AMMOHHA MpOXOAMIO OUeHb aKTHB- 
ba BbITeCHeHO Jo 53% cop6upoBaHHoro (boctbopa u3 KpacHo3sema u Jo 83% 
H3 J€PHOBONOZ30HCTOH MOUYBHI. 

TakuM o6pa30M, JjaHHbie Ta6. 1—4 moryT CJ1yKHTb HEKOTOPbIM OGOCHOBA- 
HHeM WIA MPpHMeCHeEHHA MOJIHMOJEHOBOKHCIOrO AMMOHHA B KaveCTBe PeaKkTHBAa, 
cnocoOHoro MpeloTBpalllaTb BTOPH4HOe NorsmowlenHe coctbopa B KHCJOTHBIX BbI- 
TAKKAX 3 OUB. 

IIpumenenue pacTBopa MOmMOZeEHOBOKHCIOFO AMMOHHA JIA MpesoOTBpalleHna 
BTOPHUHOTO NOTOWeHHA cpoctbopa B KHCJIOTHBIX BbITAKKaX H3 MOYB, BMeCTO: 
OPTOOKCHXHHOJIHHA, PYJIbBOKHCJIOTbI, CeEIEHHCTOM KHCJIOTbI MH ApyrHx peakTH- 
BOB, MOXKeET HMETb OosbIOe NPpakTHYeCKOe 3HaVeHHe BBUAY TOrO, YTO pH 3TOM 
-HCKJIIOUaeTCA HEOOXOJUMOCTh KPONOTHBOH MpesBapUTeJIbHOH OOPaOOTKH BbITAK- 
‘KM Mepeq KoOpHMeTpuyecKHM onpeseneHvem B He docdopa (paspywieHue 
‘HM OKHCJIeHHe OpraHHuecKHX COeCIHHeEHMH, OcaxKeHHe CeleHa H T. I1.). 
 Busogu. 1. Pacrsop Momu6feHoBOKHCIOrO aMMOHHA MOXKeT ObITb HC- 
NOIb30BaH JIA MpeLOTBpalleHHA BTOPHUHOFO NorsouleHuA docdopa Mmpu Mpu- 
POTOBJICHHH KHCJIOTHbIX BbITA?KeK M3 MOUB. 

2. B mpopeyeHHbix oMmbirax dTop-MOHbI aKTHBHO BbITeCHAJIM CocpatT-HOHHI, 
norsoujenHpie Al(OH)3, u He ObluIH CMOCOOHbI BbITeCHATH (poc*aT-HOHBI, Mo- 
riouleHHbie Fe(OH)3. Sta oco6eHHocTh HOHOB F MoxerT ObITb UCIOJIb3OBaHa 
Wid pa3qetenua yuacrun Al(OH)3 u Fe(OH)s3 B cop6uuu docibopa noupamu. 

3. B onpirax c JepHOBO-Moss0uIMCTOH Hu KpacHO3emMHOH nouBamu 40—49% 
NorsoujenHoro (pocopa GOp1vio cmocoOHO oOMeHHBaTbCA Ha HOHE! F~. MoxkxHo 
MpeANoNOKUT, 4TO MorsoujeHve oKoN0 40% docdopa B yKa3aHHbIX MOYUBaXx 
o6ycoBIeHO coequHeHHaMu Tuna Al(OH). 

4. Buwawmx onpirax He yJaslocb c nomombo pacrBopoB K,y[Fe(CN)¢] 1 amio- 
MHHOHA Pa3JeJIMTb pOJIb %Kele3a M aIOMHHAA B Mpollecce Moromjenus, po- 
copa} noupamn. | 


‘ae 


TloupeHublli HHCTHTYT Iloctynuao 
Akajlemuu HayK CCCP, 17 XI 1958 
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Jokuago Akayemun nayr CCCP 
1959. Tom 126, Ni 3 


CFHCTOUIOT Ht 


Cr. JI. BPAYJIE 


O MOP®OJIOF MYECKHX PASJIVUWAX WAJIMHQZPHYECKHX 
MbIWIEGHbIX BOJIOKOH B TOHHYECKHX H HETOHHYUECKHX 
EJIETHBIX MbIWILAX MOS3BOHOUHbIX H O MOP®OJIOTHUECKOM 
CYBCTPATE TOHYCA 


(JTpedcmaeneno axademuxom K. MH. Cxpabunom 21 I 1959) 


_ PasHooopa3Hble npeAnooxKeHuA O «MOpdomorMyeckom cy6cTpate ToHyca» (?), 
}CKa3bIBaBLUHecA JO CHX Op, B HaCTOAMee BPCMA WIM CUMTAIOTCA OMpoBepr- 
‘THIMH (*) HH OcnapHBatoTca (?~>). JIo cHx Nop He H3BeCTHO CKOMbKO-HHOY Ab 
YIPOOHBIX MOMbITOK COMOCTABHTb (PU3HOJIOTHYeECKHE OCOOCHHOCTH MBIIII[bI C Pop- 
i €€ MBILUCUHBIX BOJIOKOH. ABTOp HacTOAeH paOoTb! MpuBel panHee (°) RaHHbIe 
(POPMe MbILICUHEIX BOJIOKOH B psAe MBI Y HEKOTOPHIX mpecTaBuTeeH M0- 
,OHOUHBIX. ConmocTaBseHve C (H3HOJIOTHYeCCKHMH JaHHbIMH MOKa3bIBaeT, TO 
DHHUCCKHE MBILLIIbI HIM YaCTH MBI COCTOAT TOJIbKO U3 LHJIMHAPHuecKUX BOUIO- 

H (HampuMep, pbiObl — NOBepXHOCTHaA YacTb OobWIOH OOKOBOM MBIT (*), 
AryKa — TOHHYeCKHE YaCTH MOZB3AOWIHO-Mam0OeploBOH HM WKPOHOKHOH 
plu, (7), KPOJHK — KaMOasIOBUyHaA Mblllila (?)); HeETOHHYeCKMe %Ke MbILLIILBbI 
OFyT COCTOATH HOO WeHKOM M3 IMJIMHApM4eCKMX BOJIOKOH (HampuMep, pbIOblI— 
1yOoKad YacTb OobUION OOKOBO MbILUbI (*), IAryluKa — HeETOHHYeCKHe 4acTH 
OIB3OLUHO-MalobeploBOH H HKPOHOXKHOM MBI (*), KpouHK — HKPOHOKHAaA 
piliija (*)), 1460 43 CMecH (B TOH HIM HHOM MpONOpyun) WHIMHApMyecKHX C Mie- 
SBUHbIMH (HW BEpeTCHOBUAHEIMH) BOJIOKHAMH (HallpHMep, JIATY WKa— MOpTHAx- 
an (*), KDOMMK — OombIIad MpHBOAALAaA (°) MbILIIMbI) *. 

YHOMAHYTOe pasHooOpa3sHve B COCTaBe HETOHHYeCKHX MBILII He JOKa3bIBaeT 
rCyTCTBUA CBA3H MEXKLY (POPMOM MbILICUHbIX BOJIOKOH H (PH3HOJIOTHYeCCKUMH OCO- 
SHHOCTAMH MbILLIMbI: M@KY WHJIHHAPHYeCKHMH BOJIOKHaMH, MpOHCXOAALLMMH 
3 MBI C pa3sHbIMH (pPH3HOMOTMYCCKHMH CBOHCTBAaMH, MOryT HMeTbCA TOHKHe 
OpdolorMyecKkne pa3sJIH4NA, KOTOpble He Obl 3aperHCTPpHpOBaHbI pH MpuMe- 
ABLUCMCA aBTOpoOM (°) cnoco6e pacno3HaBaHHA (OpMbl BOJIOKOH (ompesemenne 
OPMbI BOJIOKHa B WeoM, 6e3 yueTa eTaseH); eMCTBUTebHO, B MUTepaType 
M@IOTCA JAHHBIC, CBUAETEIbCTBYIONINe B MOb3Y CYU[ECTBOBaHHA TaKHX pas3- 
wunn (1°). 

Samayuelt HacTosueH paOoTbl ABUIOCb Oomee MOApOOHOe, 4eM B NpeAbILyuen 
adore aptopa (°), o6culeqOBaHve POPMbI WHJIMHAPH4eCKHX BOJIOKOH H3 TOHHYe- 
<AX H HETOHHYCCKHX MBIILIIL. 

M3 mpm, (uKCHpOBaHHbIX XHAKOCTHIO LlenKepa, BbIeMAINCh (6e3 MpeBa- 
ATCJIbHOTO BO3ICHCTBHA MallepupylolleH 2KHAKOCTHIO) M MOABeprasucb BHUMa- 
SJIbHOMY OCMOTPY MbIINeUHBI€ BOJOKHa C HX CYXOMMIbHBIMH MpOROKCHHAMH. 
OTJCJIbHbIX CIYIAAX OOCMETOBAIICh Ne peKUBaloll Me BOJIOKHa H3 CBE2KUX MBILIL. 
BPOTOBIAIHCb TaKKE FHCTOMOFHMYeCKHe Cpe3bI Yepes OOMACTh MpUKpenMeHuA 
PILCYHIX BOJIOKOH K CYXOXKMJIbHbIM TlaCTHHKaM MbIUI. Bpwid oOcmeqoBaHbl 
1eyIOULHe MbILUIMbI: 2) TOHHYeECKMe — MOBCPpXHOCTHaA YaCTb OoubLIOH GOOKOBOH 


* V3 yka3aHHbIX JMTepaTyPHIX MCTOUHMKOR B3ATHI CBEEHHA O CPUSMOMOFMYeCKUX CBOH- 
Bax MbIWIM. MBIUbl MICKONMTAIOULYX OOO3HaualOTCA KaK TOHMYeCKHe WH HETOHHYCCKHE Ha OC- 
BaHHM JaHHbIx PKyKowa c cotp (8, °). 
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MBILULI pri (BbIOK, Misgurnus fossilis; eux, Abramis brama) (*), TOHMYCCKM! 
YACTH MOABS{OWIHO-MasOOeplOBOl HM UKPOHOMKHOH Mb, maryurku (Rana ridi 
bunda) (2), KaMOaoBuyuas (”) H nomycyXO*KuIbHaA (7) MbILLUIbI KPOJIHKA; 6) He 
ToHUUeCKHe — rly6oKad uacTb OombuIol SOKOBOL MbILIMbI pbIO (’), HeTOHMYe 
CKHe YaCTH MOAB3IOMIHO-MaobepwOBOH WM HKPOHOMKHOM MBI JAryuiKu (*) 
HKPOHOKHAA MbIlua (2) H QMCTambHad YacTb ABYyTaBOH MbILIMEI m1eda @ 
Kpouuka.Bce Ha3BaHHbIe MbILIbI COCTOAT 3 WHIMHIPHYeCKUX BOJIOKOH (HeOO/b 
ad IpHMeCb MVJI€TeEBHAHbIX BOJIOKOH HMECCTCH JIMIIb B MOYCYXOMKHJIBHOM MBILI 
we KpomuKa) (°). 

Tpexye vem u3ularaTb pe3yJIbTaTbI OOCMENOBAHUA, YKaxKeM, YTO IPOBECH 
HbI€ [1peMapOBKH MOATBePAMIH Te MaBHO YCTAHOBJICHHbIe MONOKCHHA, YTO CyXO 
*KWIbHad nacTuHKa (!”), WIM amoHeBpos (B OTeCYCCTBEHHOM JIMTepaType), MbILI 
Ibl ECTh COBOKYMHOCTb CYXOMKMJSHBIX MPOAOJMKEHHM MbILUEYHbIX Ny4KOB C BKJIIO 
YCHHbIMH M@XK LY HHMM CYXOXKUJIbHBIMM KeTKaMH (1%) HM YTO CYXOXKMJIbHBIM My 
uOK, HYULMH OT MbIIeYHOrO My4Ka, COCTOUT H3 HHXMBULYaJIbHbIX CyXOXKUIb 
HbIX MpOOJKCHHH MbIMICYHbIX BOJOKOH (14). 

KOHIbI MbIMCUHBIX BOJIOKOH, MOAXOAAUIMe K CYXOMKHIbHBIM MJlacCTHHKaM 
OObINHO yruroeHl (cp. (7°)). [Ipenaposku noKa3aJu, YTOB culyuae HalM4HnA yKa 
3aHHOM YIJIONWLCHHOCTH MMeeT MeCTO cJIeqyroulee: a) B TOHHYCCKHX MbBILUIMa? 
YIVJIOWCHHbI€ YaCTH BOJIOKOH paCNOJlaraloTcA OTHOCHTEJIbHO CYXOMKMIbHOM Ta: 
CTHHKH Hanojo6ue uepenny (cp. (1)), Hamlerad Apyr Ha Apyrau Ha CyXOKMWIbHYK 
MlaCTHHKY CBOHMH WHpOKHMH CTOpOHaMH; 6) B HETOHHYeCKMX MbILUNaX yO: 
WL€HHbIe YaCTH BOJIOKOH OObIYHO MOXKHO YNOAOOUTh YepenHiaM, NOCTaBJIeHHBIM 
HaKJIOHHO K CYXOXKHJIbHOM MIaCTHHKe Tak, 4TO K MOcTeHeH OOpalleHb! (HM Hae: 
raloT Ha COCeAHHe «YepeNHUb™) He HX WIMPOKHe, a UX Y3KHE CTOPOHBI. OT TOMbKC 
YUTO ONHCaHHbIX COOTHOLICHHH BO3MOXKHbI, OHAKO, YKJIOHEHHA. Crezyroee pa3- 
Mune ABIAeTCA Ooee NOCTOAHHDIM. 1. HampaBseHve CyXOXKUIbHbIX MpOO- 
XKCHHH MbILICUHBIX BOJIOKOH M3 TOHHYCCKHX MBI (pHc. 1 a — 2) Mao OTKJIO- 
HACTCA OT HalpaBJICHHA MHOMMOpHI B KOHCYHbIX yYaCTKaX 39THX BOJIOKOH 
(xXOTA BCe Ke NOIHOFO COBNAaLeHHA OOOMX HanpaBJIeHHi HET, TaK KaK MbILLIe4HbIE 
BOJIOKHa BCera NOLXOLAT K CYXOKWIbHOH MacTHHKe Nox yraom (cp.(?*)): 
Ha ructTouioruyecKHX cpe3axX MHODHOPHJJII BLITIALAT HeMOCpeyCTBeHHO Tepe- 
XOJAWMMH B CYXOMKHIbHBIC (PUuOpHNbI. OOBIYHO KOHEIL MbILIeYHOrO BOsOKHA} 
Me€peXOAHT B CYXOMKMJIbHOe NPOMOMMKEHHE HECKOJIbKO He JOXOAA WO CyXOXKMVJIb- 
HOH MlacTHHKH. 2. B BOMOKHaX H3 HETOHHYeECKHX MBI (puc. 2 a — 2) cyxo- 
XKHJIbHBIEC NPOAOMKEHHA OOPasyloT C KOHCYHLIMH YYaCTKaMH MHOMHOpHA ACHO 
BbIpaxKeHHbI yrom. Ilostomy, B KakOl Obl CTeMeHH HW B KaKOM Obl HallpaBJIeHuu 
HH OblJI YIJIOW,eCH KOHEI MBILUeYHOrO BOJIOKHa, Ha HeM BCera HMeeTCA «I0- 
AOUBa», T. €. yYacTOK, K KOTOPOMy NOAXOLAT MHOPUOpUbI M OT KOTOpOrO, 
B MHOM HalipaBJIeHHH, OTXOAHT CYXOXKHJIbHOe MpOMOJKeHHe MBbIMUeCYHOTO BO- 
JokHa. «<[JoqomBa» npusieraeT K CyYXOXKMIbHOM MaCTHHKe MBI (B TYOBHI- 
HOH MyCKyJlaType pbi6 — K MMOcenTe); MexKAY «MOJOMBOH» U CyYXOKUMbHOL 
MaCTHHKOM HAXOQNTCA PbIXJad COeCIMHHTeMbHad TKaHb. Ha rucromorMyecKux 
cpe3ax MHOMHOPHJVIbI BHITIAQAT OKAHUMBAIOULUMUCA Ha COCAMHUTEIbHOTKaHHOM 
oOon0UKe, MpOXOLAWel BAO NOOWBEI. 

Pa3IM4NA MexKY KOHIaMM BOJIOKOH M3 TOHHMYeCKUX MBI (KOHIBI I poga) 
M KOHILaMM BOJIOKOH W3 HETOHMYECKHX MBI (KOHUBI II poga), oOHapy»xuBaemBIe 
MPH BHELIHCM OCMOTPe BOJIOKOH (6€3 M3POTOBCHHA THCTOJIOTHYeCKUX Cpe3OB), 
Oomee YeTKO BHIAB/AIOTCA Ha (UKCHPOBaHHOM, 4eM Ha MepexKMBaIOLleM MaTe- 
puase. 

OOpamaer Ha ce6a BHUMaHHe cieqyromee. 1. KapTuusl, Ha6ioqaemple Ha 
THCTOJIOrHYeCKUX Cpe3sax yepes KOH I posa, COBNaaloT C KapTHHAaMH, KOTO- 
pble B paOoTax Mo Bompocy O HeMpepHIBHOCTH Mepexogza MuOHOpu B CyxXo- 
*UJIbH‘IC PHOPHJIbI NPHBOLATCH B NOKA3ATEMbCTBO HaJIMYMA HeMpepbIBHOCTH 
(Hanp., (*°"8)). 2. Kapruupr, Ha6soqaemple Ha rucrouoruueckux cpesax vepes 
KOHUbI I] pogqa, copnaqaroT ¢ 4YaCTbIO TeX KaPTHH, KOTOPbIe IIPHBOLATCA B JO- 
Ka3aTeJIbCTBO OTCYTCTBHA HelpepbIBHOCTH (Hamp., (1°-?1)). IIpocmorp sutepa- 
TYPbl MOKa3bIBaeT, YTO CaMO BO3HHKHOBeHHE pasHOracuii M0 yKasaHHOMy 
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Pue. 1 


Puce. 1. Konitbt MbIIMeUHbIX BOJIOKOH H3 TOHHYCCKHX 
MBI. Oxpacka no Mannopu. a, 6 — rucromornyeckne 
cpespl, 200 X; 6,2@—TOTamIbHbIe Mpenapatst, 180 x. 
a, é@—¥W3 m, soleus KpomuKa, 06a KOHa—c_ IMpoKoli 
CTOpOHbI; 6,@—¥u3 TOHHYeCKOH uacTH m.  ileofibularis 
Jlarylku; 6 —c y3kOH, @——C IWHpOKOH CTOpOHbI 


Puc. 2 Puc. 3 


Puc. 2. Konust MbIWIeuHBIX BOJOKOH H3 HeTOHMYeCKHX bl. YCAOBHA H3rOTOBJeHHA 

MpellapaToB @— 2 COOTBETCTBeEHHO Te %Ke, YTO Ha PHC. 1 GO — 250 Gene SO, 

a,@—¥3 m. gastrocnemius KpoMKa; 6,2—x3 HeToHHyeckolt uacTH m._ ileofibularis 

siaryuiku. Bee KOHUbI!— C WIMpOKOli CTOPOHBI, TOJIMHHA BOJIOKHA 6 MeHbie cpefHeli Ass 
JaHHOM YacTH MbILLILDbI 


Puc. 3. Yuacrok Konya (Cc WHPOKOH CTOpOHbI) MBIMeyHOrO BOJIOKHA H3 HETOHHYeCKON YacTH 
m. ileofibularis aarymiku. Totambupii npenapat, okpacka no Maasopu, 180 X.MacTb Kona 
oTeneHa, BHAHO CYXO2KHAbHOe MpoOLomKeHHe, B HOpMe MpHseraioujee K MOAOMIBe BONOKHA 


JLAH, t. 126, Ne 3, Bpayze 


pmpocy AOMKHO ObiTb B OobUIel Mepe OTHECeHO 3a CUET CyIeCTBOBaHUA JIBYX 
MCaHHBIX POXOB KOHILOB MbIIICYHbIX BOJIOKOH (cp.(??)). » 
HeoOxoquMo OTMeTHTb, YTO pe3kOli TpaHHIbl MexKAY KOHWaMH BOMOKOH | 
| II pota mpopectn Hemb3sa. Cpequ BOJIOKOH TOHHYCCKHX MBI BCTPeyaloTcA 
aKHe, B KOH€UHbIX YYAaCTKaX KOTOPbIX, B HX NepHdepwyueckux OOmacTAX, JO- 
aTOUHO YCTKO 3aMeTeH yO] Mey HalpaBeHHeM MuO*HOpHA u HanpaB- 
CHEM CYXOMKUJIbHOPO NposouKeHHA (cp.(1’)). B To xe BpeMA B HETOHHYeCKUX 
bUUWAaX BCTPeualOTCA BOJIOKHa, B KOHEYHDIX yYaCTKaX KOTOPbIX yrou Mey 
anpapnenuem MMOMHMOpHII HW HalpaBJIeHHeM CYXOKUJIbHOFO MpOsOMKeHUA He 
WMHAKOB Ha MepeHEM WM 3aqHeM (C4UHTAA BAOb XONa CYXOMKUIbLHOTO NpoLos- 
KEHNA) Kpaax moQouBE. M31oKeHHbIe HaOJIOJeCHNA XOpOMWO cormacyloTcs 
> aHHBIMH 06 OTCYTCTBHH pe3kKOH PpaHulbl MEKLY PusHOMOrMYeCKUMH CBOLCT- 
BaMH MbIIC4YHIX BOJIOKOH H3 TOHHYCCKHX HM HETOHHYECKHX MBIT (°). 
B suTepatType MMeIOTCA YKa3aHUA, ITO pasJIMYHA B SUSHOMOrMYeCKUX CBOH- 
i TBaX TOHHYECKHX H HETOHHYCCKHX MBIIIII, MOXKHO paCCMaTPHBaTb KaK CJIEICT- 
yBue MOAuUKAaLNH eMHOFO COKpaTHTeIbHOrO MexaHu3na (°, 2%). Tlostomy nper- 
HCTAaBJIANO HTPC BLIACHHTb, KCHCTBUTEMbHO JIM — Kak 9TO MOMYCKaeT Kapa (*4), 
JHOMBONA UTOrH AMCKYCCHM MO BoNpocy O HeMmpepEIBHOCTH MHODHOpHII HW Cyxo- 
)KUJIDHBIX (PUOPHJINI,— CTpOCHHe KOHILOB MBILUCYHbIX BOIOKOH | u II poga npuu- 
WMMHaIbHO pa3siHuHO. IIpopoyupureeca MHOH pa3qeieHHe (np MOMoUIH mpe- 
| NWapOBaJIbHbIX HII) KOHWOB | u II poga BAOMb XONa MHOdHOpH HeEH3MeHHO MpH- 
BOJMJIO K OJMHAKOBbIM Pe3yJIbTaTaM: BMeCTe C TYYKOM MHOMHOpHI OTAeMAN ach 
COOTBETCTBYIOUAA CMY YaCTb CYXOKMIbHOTO MposomKenuaA (cp.(?%)). pu stom 
-HEH3MCHHO BBIABJIAJIOCb, YTO B KOHWAaX II] pola cyxomuIbHOe NposomKeHnHe, 
COOTBETCTBYIOWULeCe FAaHHOMY TMY4KY MHODHOpHIN, TAHETCA BJOJIb MOOWIBEI BO- 
mokHa (prc. 3). M3noxKeHHbIe pe3yJIbTAaTbI MO3BOJIAIOT 3aKJIIOUNTb, YTO, BO-Nep- 
BLIX, B OOOHX pOaX KOHIOB Mey COKPaTHMOH HW COCAHHHTEJIbHOTKAaHHOH Ya- 
CTAMU CYULECTBYIOT OMHAKOBBIe OTHOLMCHHA, B NPHHIWMe CXOHbIe C OTHOMICHHA- 
MM M@XKJLy COKPaTHMbIMH HM COCJMHUTeJIbHOTKaHHbIMH YaCTAMH B WevIOH MbILULe 
(CM. BbIlUe); BO-BTOPbIX, NMOOWBa BOOKHa BO II poya KOHMax B NpHHune 
(cp. (2%, 15)) cxoqHa c CYXO%KHIbHOH MaCTHHKOH MBILLIIbI (CyXOXHJIbHbIe Mpo- 
JOMKEHUA MpOXOAAT MOA yIIOM K COKPaTHMbIM YaCTAM, HakJlabIBaAch pyr 
Ha Apyra); B I powa KOHWax «NOZOWIBa» TipakTHYeCKH He BbIpaxkena, TaK Kak 
yrol MOkKLy MHOHOpHVIaMH MW UX CYXOXKUIbHBIMM MpOLOMMKeHHAMH Mall. 
Vrak, OcHOBHOe Mopdomoruyeckoe pasiHune MexKy OOOMMH pOaMH KOH- 
MOB IMJIMHIPHYeCKHX BOJIOKOH 3aKJIIOUaeTCA B paSHOM MOJIOKEHHU OTHOCHTEJIbHO 
Apy? Apyra MuopuOpus u cyxoxKHIbHbIX PuOpusa. Ecrb OCHOBaHMA CUHTATb, 
YTO B CYKUBAIOMLMXCA KOHWAaX MICTCBUAHIX H BEpeTEHOBHHHIX BOJIOKOH CoeqH- 
HHTeCIbBHOTKaHHBIe BOJIOKOHILAa SHAOMH3HA TaK %Ke CBASAHbI C MHOHOPHIIaMH U 
3aHHMAIOT TaKOE 2KE MOJOXKEHHE OTHOCHTEJIbHO MOCEAHUX, Kak CyXOKHJIbHBbIC 
(buOpHIbI B KOHWaX WHJIMHApMyecKUX MbILIeUHBIX BOOKOH II poga. 
IIpemcraBaaeTcH BepOATHBIM, YTO MOAHPHKALMH BO B3aHMMHOM MOOXKeHH 
MBIMCYHBIX WH CYXOXKMJIbDHBIX PHOpPH O6yCIOBJeHbI, B Cyyae WMIMHApuye- 
CKUX BOJIOKOH, BEMUMHOM yrvia MexKAY MbILICUHbIMM BOJIOKHaMM (HIM, B CJy- 
yae H3rMOaHuA MOCIeMHUX HeJasIeKO OT CYXOXKHJIbHOH nyiacTHHKH (7°), Mexyy 
MX KOHCYHBIMA yUaCTKaMH) HW CYXOMKMIbHOH MWwaCTHHKOM MbILUIbI. B mpocmort- 
PCHHBIX TOHHYCCKMX MbIIUMaX KpOMKa HW JATYWIKM STOT yrom paBHasca 10 — 
90°, B HETOHHYCCKHX 2Ke MbIMMaxX OH Obl Compure 30 — 50° — no xpalinelt 
Mepe OKOJIO OZHOM U3 JBYX CYXOMKMJIbHBIX M1aCTHHOK MBILLIMbI WIM YaCTH MbILLULBI 
(youl H3MepPAJICA B MIJIOCKOCTH, MpOBeAeCHHOH Yepe3s MbILICYHOe BOJIOKHO B Ha- 
IpaBJICHHM XOJa CYXOXKHJIbHBIX Wy4KOB). Y pblO B TOHMYCCKHX MBILNMax TyJO- 
Bua (MH y JIATYWKH B MpAMOM MBIMUMe XMBOTA, OKOJO HapyXHOH MOBepXHOCTH 
(cp.(2)) CyXOXHJIbHbIe MpOLOJMKEHHA MbIICYHbIX BOJIOKOH NpOXOAAT Yepes MHO- 
CeNTY, COCAHHAACh C MbILUCYHbIMH BOJIOKHaMH coceyHerO MHOMEpa (epx(*?)); 
B H€TOHHYCCKHX MbIWMax 3arvOatoTcA NOX yIvIOM K MBIINCYHbIM BOJIOKHaM, IIPO- 
XO B MmocKocru mMuocentb. Kak moka3aHoO B 9kKcmepHMeHTax (Hamp.,(*°)), 
BeIMUMHA Yrula M@XKy MbIMIeYHBIMH NyYKaMH HM CyXOXKMIbHOM MWacTHHKOW Me- 
HACTCA IPH M3MCHEHHH MECTAa MIPHKPeNeHHA MbILIMbI, T. €. ONpPeHeMAeTCA MeXa- 
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HMYeCKUMH YCJIOBUSMH B paboratoujelt MbmuMe. TakuM OOpa30M, B KOHCYHOM Cuty 
Te HMC€HHO 3TH YCJIOBHA JOJDKHbI OMpeAeIATb HaJIHYHe WIM OTCYTCTBHE «Mcp 
JIOWIBb B IHJIMHpMYeCKOM BOJIOKHE. i 
B 3aksiouenne oTMeTHM cslezyroulee. M3BecrHo, YTO OT B3AMMHOTO MOJIOMKElE 
HUA COKPaTHMbIX YaCTeli MbILLIbI (MBILICUHbIX ITYYKOB) H €€ CyXOMKHIbHOFO Mpo}f 
JIOUMKCHHA 3aBHCHT, KaKad YaCTb HaNpAKeHHA, PaSBHBaeMOFO MepBbIMH, Nepe> 
maetca Ha mocmeyuee (Hanp. (1”)). YKa3aHHbIM MpPHHIMM OKeH COXpaHATi}} 
CHJIy H BO B3aMMOOTHOWICHHAX eMHUMIL HUsiero MopsyKa (1°) — cOKpaTHMBI\y 
MW COC#JHHUTEbHOTKAHHBIX 4aCTeH MBILUCUHbIX BOJIOKOH. JlerKo npescTaBUuTh cede 6 
YTO Ha OCHOBE STO pasHOl Nepeadn HallpsAKeHHA MeKy BOJOKHAM H C KOHILAMI 
] poya u BOJOKHAaMH C KoHIaMH I] poya MoxKeT BTOPHYHO BOSHUKATb PAT pa3Jin if 
quit. TakKuM O6pa30M, YMeCTHO MOCTABUTb BOMPOC, HE ABJIAIOTCA JIM Pa3Hble OCO'}p 
6eCHHOCTH, XapaKTepH3yIOUlHe TOHHYeCKHe H HETOHHYECKHE MbIICUHbIC BOJOKH<# 
(cm., Hamp.,(!, ??-2°)), mpoH3BOAHBIMH OT OCOOeHHOCTeH, OMHCAHHbIX B HaCTOALUlek 
cTaTbe. Bricka3aHHOe NPeNANOJMOREHHE BPAY JIM 3acJlyKUBAET yupeka B MCXaHHU-f 
CTHUHOCTH: He culeqyeT yNyCKaTb H3 BUY, YTO B KHBOH CHCTeMe MOA AeHCTBHEME 
OTHOCHTEJIBHBIX MIpOCTbIX (PaKTOPOB MOryT Pa3BHBaTbCA BeCbMa CJIOXKHbIe ABME- 
Hua (cp.(?”)). 
Vucrutyt Mop@ouioruu %*XHBOTHBIX Tloctynuao 
Akanemunu Hayk CCCP 23 XII 1958 
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IKOJIOLH A 


B. H. BJIAXMMHMPOB u K. H. CEMEHOB 
KPHTHYECKHM MEPHON B PASBUTHH JIMUHHOK PbIB 
(ITpedcmaenexo axademuxom E. H. Ilaenoecxum 26 II 1959) 


Y ppiO B Havasie JIMYMHOUHOFO pa3BUTHA, B MOMeHT Mepexofa K MMTAaHHI0: 
HellIHeH MMe, KOTOPoe HauMHaeTCA ellie MPH OCTaTKaX %KeJITKAa, CYULeCTBYyeT 
KPMTHUeCKHH MepHO, KOra JIMYHHKM MOJBep2KeHbl OY€Hb BbICOKOM CMepTHO- 
ctu. Hasmune sToro NepHofla ycTaHOBJIeHO Y pAa MOPCKHX, MpOXOJHbIX HM TIpec- 
HOBOJHBIX pbIO KaK B CCTECTBCHHBIX YCOBHAX, TaK HW B YCJIOBMAX 9KCNEPHMEeHTA. 
(4, 7, 9, 48-18) QueHb BeEpOATHO, YTO KPHTHUeCKHM MepvoO CBOMCTBeH BCeM PbI- 
6am c BHICOKOH HHIMBAAYyalbHOH muiogxoButoctTbio. Ilo o6ulenpHHaATOMy MHe- 
HMIO, IIPH4YHHOM MOBbILWeCHHOM CMePpTHOCTH B 3TOT NepHOA KaK B e€CTeCTBECHHBIX 
ycJIOBHAX, TaK HW MPH HCKYCCTBEHHOM Ppa3BeJeCHHH ABJIA€TCH OTCYTCTBHe HH 
HeflOcTaTOK MHULeBbIX OPraHH3MOB, COOTBeTCTBYIONUIMX TpeOOBaHHAM JIMYHHKU 
B 9TOT MomeuT (°, ’”, 8, 14, 1°). OnHako Goulee rmy6okoe H3y4eHHe JaHHOrO BOM- 
poca He MO3BOIAeT COrlaCHTbCA C 9THM MHeHHeM. 

Haim uccieloBaHuaA BbOKHBaeMOCTH JIMUMHOK JHeEMpOBCKOM CebaM B Me- 
pHok Apettba ux no peke noka3ain, uTo cBbiue 90% AM4HHOK NoruOaer B Me- 
Ppuol OT BbIyMIeHHA JO paccaCbIBaHHA XeJITKa, PlaBHbIM OOPpa30M B KOHILe 
paccacpiBanHna (*). JimuHHKM AyHalicKoH celbyu, Apelidbyroume no peke, B palio- 
He r. PeHv oKa3bIBalOTCA Ha TaKMX CTALMAX Pa3BHTHA, KOFa XKeJITOK WIM NOUTU 
WIM TOJIbKO YTO paccocaJicA, H B 9TOT MOMeHT 3fecb HaOsllOqaeTCA rpomMalHaA 
THOeIb JIMYMHOK: Ha MIpOTAxKeHHH KaKUMX-HHOyAb 1O—20 kM uncO JHUHHOK 
cOKpalllaeTcA B HECKOJIbKO pa3; B YJIOBaX BCTpeyaeTCA MHOTO MePTBHIX JIMYMHOK 
(1). Sry rpomajHylo ruOesb JM4YMHOK JHeMpOBCKOH HU AyHalickou celbyeH HAKaK 
HeJIb3A OTHECTH 3a CUeT OTCYTCTBUA MMU, TEM Oowlee, YTO JIMYMHKH CeJIb]M C MO- 
MeHTa paccaCbIBaHHA KeNTKa MOFYT MpoxKuTb 6e3 nuwH Yo 1O—12 quel (*, *4). 
CmepTHOCTb JIM4MHOK Kapmia B ycJIOBHAX Mpyfla 3a nepBble 7—10 THe UX KH3HH 
yacTo cocTaBseT cBbiile 90% (27). Ec yuecTb cnocoOHOCTb JIMYMHOK Kapila 
MpOXKUTb Mocwe paccacbIBaHHA XKeTKa 6e3 num cBpilue 10 qHeli (°), a TaKKE 
601bINCe KOJIMYECTBO OTKJIOHEHHH B PasBHTHH H YposcTB y HUX (7°), TO MOXxKHO 
C OO/bIOH ome BepOATHA TpeANOMORUTb, YTO MPHYHHOH CTOJb BbICOKOM. 
CMePpTHOCTH JIHUHHOK Kaptla 3a 9TH HH ABJIAETCA He OTCYTCTBHE MMI, a Apy- 
rue dbaxtoppl. Ilo-suyqumMomy, OCHOBHaA MpHunHa 3aKJOUAeTCA HMEHHO B OT- 
KOJIe YPOJIMBbIX JWH4UHHOK. JIMYMHKH a30BCKOH XaMCbI B MOMeHT Mepexoyla Ha 
aKTUBHOe MMTaHHe OblBaloT OGecneveHb! MHUeEBLIMH OpraHH3MaMH, WH TO9TOMY 
3HAaUHTeIbHad PHOeMb JIMYMHOK B STOT MepHOd, Kak CuMTaeT aBTop (*), He MO2*KeT 
6bITh CBA3aHa C YCIOBHAMM MuTaHHA. B onpitax E. B. Sapsnopoli (°) ocHopnast 
rHOeIb JIM4HHOK oceTpa (53,8—65,6% Bcero oTXOa 3a BbIpallMBaHHe) HaOwJI0- 
jlaiacb B MepvHos nepexoya K aKTHBHOMY NMTAaHHIO, elle MPH HaIM4NM KeMTKa. 
B onpitax K. VW. Cemenopa (°) OCHOBHaxA CMEPTHOCTb JIMYHHOK oceTpa (B cpel- 
Hem 83,7% Bcero OTxXOJja) Tak2Ke MpHXOMacb Ha MepHoy Mepexofa K aKTHB- 
HOMY IIHTaHHIO, NIpH¥eM Mp KpaHHX YC/IOBHAX CyUleCTBOBAaHHA (BbICOKHE 
WM HH3KHe TeMMepaTypbl, OCBelleHHe MPAMBIM COJIHCYHbIM CBeTOM) THOe/Ib Ha- 
cTyNasa HeECKOJIbKO paHbllle: WIM WO Hadyajia Nepexofa K akTHBHOMY IIMTaHHI, 
WIM B CaMOM Hauasie ero. B onpitax OO60HX aBTOPOB cpeqH NOrHOWIMx AMUMHOK. 
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HaOOfaOcb OOuIbIOe KOMMYeCTBO HX C ABHbIMA AHOMAJIMAMU, WM 9TO 3aCTAB:) 
JIMeT NpelNomaraTb, YTO NpHInHO CoMbUON,rHOeM B MepHoR Mepexosa Kk aK) 
THBHOMY MHTaHHIO ObWwIH HMeHHO YypOjCTBa. | 

Jlia BbIACHeHUA NpHYMH rHOeM B KPHTHYeCKHH NepHos HaMM ObWI NocTaB/er| 
cnellvaJIbHbit 9kKcnepuMenT (mpoBeneH K. H. Cemenospim): Be CepHu OMbITOF| 
¢ JIMYMHKaMH JHEMpOBCKoro OceTpa HM O2Ha CepHA C JIMYMHKAMM ruOpHsa OceTf} 
(2) X cespiora (o) u3 JlyHas; HaOst02aIcb pa3sBHTHe, POCT HM BbIKMBAeMOCTE) 
JIMUMHOK Mp Tepexoyle Ha aKTHBHOe MMTAHHe Pa3HbIM KOPMOM; a HMeHHO Med) 
KUM HM KPYMHBIM II@HKTOHOM (B OCHOBHOM JaHusMu), TeEHAMMeAuaMu UM OJIM-| 
roxetamu (pox Enchitraeus), cmMecbio 3THX KOPMOB, a Takxe —6e3 KOpMa,| 
B onpirax KaxkJou cepuu Haxoquaucb mo’ 250—310 mm4uHHOK U3 UKpbI OMHOE| 
runotbH3HpoBaHHol caMKu.KopM JIMYMHKaM MpesocTaBAICA B ocTtaTKke*. Omi} 
tbl I cepuu (ocerp, cpeqHaa Temnepatypa 18°) npogomxanucb 20 qHeH, II cepup| 
(ocerp, 19,8°) —17 gue, III cepun (ru6puant, 22,7°) —15 qHeH c MoMeHTé| 
BbWIYIWICHHA JIMYHHOK. CofepxxaHve KHCJIOpoya B Bose Mepe CMeHaMM e€€ Hé| 
CBexKY1I0 OObIMHO He OpIO HuxKe 5,0—6,3 mr/a (THU TpHxKDbI 3aperHcTpupoBaHG 
nmouv2xKenne ero 20 4,3—4,7 mr/a). } 

[]pusHaku MoucKa MMI JMUMHKaMM ObIIM OTMeYeHBI: B onbiTax | cepHu — 
Ha 11 yenp onpira, II] cepua -—Ha 10 penn, III cepnu —ua 8 Jenb. ae 

Orxo, JMUHHOK oceTpa HM rHOpHya Wo Havala NoucKa MMW ObWI OUeHE 
HU3KUM HM CMelvaJIbHO He YYNTHIBAJICA; OH COCTOAJ B OCHOBHOM H3 ABHO Jle*exKT- 
HbIX HJIM TPaBMHPOBaHHbIX ocoOeli (C HCKPHBJICHHAMH Tela, BOAHKOM OprowiHor 
MOJIOCTH MT. .). CMepTHOCTb JIMYHHOK pe3KO BO3pacTala JIMWb HakaHyHe ne} 
pexojla HX K aKTHBHOMY MIHTaAHHIO; MNOBbILIeHHaA CMePTHOCTb HaOsIOAalacb B Te] 
yeHne 5—9 jHelH. . 

IIpenocraBeHue pa3Horo KOpMa, PpaBHO KaK HM OTCYTCTBHe ero, He mpexor) 
BpalllaIH MOBBILIeHHOrO OTXOfla JIMYMHOK B paCCMaTPHBaeMbIH MepHod; oTxoy' 
B OMbITaxX KaxKJOH CepHH HauMHaJicA MOUTH OLMHOBpeMeHHO MH B H3MeCHEHHAX erc 
10 HAM B Ppa3HbIxX OMbITaxX HaOsOMalacbh ONpefeseHHad CHHXpoOHHocTb. B cpexs 
HeM TIO TpeM C€PpHAM CMePTHOCTD Oblia NPHOMH3HTeEbHO OJMHAKOBOM pH JO 
60M KopMe H 6e3 KopMa (cm. Ta6u. 1). a4 


Ta6auuna 1 


Tu6emb mHUMHOK K KOHUY onbita (B MpoleHTax OT HauabHOrO 


KOJIMUECTBA) 

I Il CpezHaa 

Bux Kopma cepua cepua III. cepua mo TpeM 

cepHam 

Meaxuit naankton 31.0 | 39:3 | 65,2 | 45,2 
Kpynuplt nmaHKTOH 31,0 | 38,9 Da" 46,4 
Teuazuneyqngp + owuroxerh Ais )o) |) Ole) 50,4 44,6 
CmemaHHbli KOpM 2653 an 5219 44,8 outs 7h 
Bes kopma 48,0 | 60,3 24,4 44,2 


B nepvon MoBbIueHHOM CMepTHOCTH NorHOaiH IMYMHKM pa3sMepHEIX rpyn 
(16) 17—21 mM, nuk orxoga npuxo_usica Ha M4HHOK pa3Mepom B (18) 19 mM. 
Orxoy, Ooulee NOMOBHHEI BCeX NOTHOWMX JHYHHOK MpoOMsoliel elle TO NOHOFO 
paccacbIBaHHA OCTaTKa SHAOreHHOH MuulM (NociefHee HaOmMOaeTcA mpH cpen- 
Hei JWIMHe JIM4HHOK B (19) 20 MM, ecu HM He JaBaTb Kopma). Ko yuo cBoeli 
rvOesH NOUTH BCe JIMYMHKU OCeTPa OTCTaBaJIM B Pa3BUTHM M pocTe OT PoBeCcHH- 
KOB, OCTaBaBIUMXCA B XKMBbIX; B MepBble HH OMbITOB OHM ObWIM MeHbUle B Cpene 
Hem Ha 1,5—2,0 mM, B koHIe onbiroB — Ha 0,8—3,0 mm. Ilorn6ume auunuuKn 
OblIM B CpeHeM MeHbIe [ake MO CpaBHEHHIO C XKMBbIMH JIMYHHKAaMM B OMbITaXx 
6e3 KopMa (B Jlyuluem cmyuae — 6u3KH K HMM). Ormeyennoe BbIe Ha6uiona- 


* B orgembuble 2HH onbiTos II] cepuu (ra6puy) Aabunesbiii naHKTOH B BUY ero HejOc- 
TaTKa MPHWWIOCb 3aMeHHTb ILMKJIOMNHbIM. i 


664 


Cb H y JIMUMHOK ruOpufa. Y SOoubuMucTBatnornOumMx WM4MHOK HaGsOLaUCb 
W3HaKH HeHOPM@JIbHOrO pasBHTHA, B YaCTHOCTH yKOpOueHHOCTh pocTpymMa 
OTCYTCTBHE NepeMbI¥eK OOOHATEMbHbIX OTBePCTHH, cmaGad cyTyOCTb MIM 
CJIOXBOCTOCTb, YMCHbINeCHHbIe pasMepbl NeyeHH u, OCOGeHHO, — HeOOBMHAaA 
jopMa CpeHero OTJea KMIIeYHNKAa, HepeAKO B COUeTAHHM C NpH3HaKaMu BOLAH- 
OprowiHol NoslocTH uv *KeyAKa (Ta61. 2). 3arnouennasd Mua y NorMOumx sH- 


Teal Onninae2 


Berpeyaemoctb JIM4MHOK OCeTpa C ABHBIMH MpH3HakaMM aHOMAaJbHOTO pa3RuTHA 
(cpequ moruOurux) * 


2 I cepua | II cepua 

O3pacT JIMYHHOK (B JHAX OT 
| Bblynenns) 13 1249 ACSA AS 49S ae 2 SMS Zea a5 
HCJIO M€PTBBIX JIMYHHOK B IIpo- 

6ax 83 |43 |64 244 o4 |24 (54 |53 (444 196 {83 

B TOM 4uncuZe: 

AaHOMAJIbHEIX (B %) 72, 3/88 ,4| 84,4} 78,0 | 77,8 | 66, 7/72, 2/90, 6/32, 4/52, 1147 ,0 
3arOTHBIUNX nuMy (B %) O | 0 {12,5} 27,6 | 18,5) 14,3} 1,9/43, 4183, 6/91 ,6/79,5 


* YuTeHbI TOJIbKO BHEHe BLIpaxkeHHble aHomasuu. Jina II] cepuu Takux aHHBIxX HeT- 


WMHOK B Tleppble 1—2 AHA nouTH He HaGNOJaacb, U AMM y Oomee crapumx 
NMUYHHOK BCTPe¥aeMOCTh ee BOSPAacTaJla, XOTA HM JaJIeKO HeEOJMHAaKOBO B pa3HbIx 
cepuax. Bce BbIMIeHM3/102KCHHOE CBH JETEJILCTBYET O TOM, UTO IIPHUMHOM NOBbILIeCHHA 
CMEPTHOCTH JIMYHHOK MIpH Nepexoye Ha aKTHBHOe NHTaHHe ObWIM He yCOBUA 
MUTaHHA, a TlaBHbIM OOpa30M — aHoMawiuu B pa3BuTuNH. IIpaBya, yacTb an4H- 
HOK MOorHOasla HECOMHEHHO OT TpaBMH pOBaHHAA MMINeBapHTeIbHOrO TpakTa rpyObIM 
KOPMOM, OCOGeHHO Mp pexkJeBPpeMCHHOM 3arlaTbIBaHHH eFo, OLHAKO 9TO ABJIS- 
HMe He HOCHJIO MaccoBoro xapakTepa. UacTb JH4MHOK rHuOpuya MorvOla OT 
NOBpeKeHHH WAkONAaMH. 

Han6Oouee wiMpoko pacnpocTpaHeHHOH aHOMasiMeH y MorMOwmMx sMUMHOK 
Oblia OOULaA CyXKeCHHOCTb CpeHEro OTAeJia KHWICUHHKa WIM CYKCHHOCTh OTA eIb- 
HbIX uactel ero. Ilpu u3sy4ueHuN FrHCTOJIOrM4YeCKHX Cpe30B TaKHX JIMYHHOK ycTa- 
HOBJICHO, UTO CKAaLUaTOCTh IMUTeEINA KHIWCYHHKOB Y HHX B IesIOM Oblvia MeHbIe 
OObIUHOM; Mp HaMYMH MIpH3HaKOB BOAAHKH OpIOwWHOM NosocTH UM *KelylKa 
SIMTCIMU BEHTPaIbHOM CTeHKH CpeHero KHWeYHHKa MW Ha %KesyKa Mor ObITb 
OCJIOCHHBIM HM HeopasBUTbIM (BbICOTa KJIeTOK — HallOJIOBMHHY MeHbIle OObIu- 
Hol). HaGsmofaiocb TakxKe HelopasBuTHe MepBok JONacTH cMMpabHOrO KJla- 
NaHa W3-3a HelocTaTOUHOH CKayaTOCTH SIMTeIMA. 

Takum 06pa3oM, aHaJIv3 JaHHbIX O BbIKHBaeMOCTH JIHUMHOK PblO Kak B ecTe- 
CTBCHHbIX YCJIOBMAX, TAK HW B 9KCIMePMMeHTe IPHMBOAUT Hac K BBIBOLY, UTO HeOOHI- 
ualHO BbICOKaA CMeEPTHOCTb JIMYMHOK pblO B KPHTHYeCKHM NepwHok UX pasBu- 
THA, KOTOPHIM MpoMomKaercA BCero HECKOJbKO Hel, OObACHHAeTCA TlaBHbIM 
06pa30M THGe/IbiO JIMYMHOK, MMEIOWIMX pasIMUHbIe JeekTbI B cTpoeHuu. B stor 
MepeOMHBIi MOMeHT OpraHoreHesa, KOrja HavBaxKHelliMe CHCTeMbI OpraHOB 
HpuoOperaior epuHUTHBHBIe (yHKUWMH, MpPOUCXOAUT «peanM3alun» JeceKTos, 
BOSHUKIIMX elle Mp pa3BUTHM Alia B OpraHHsMe MaTepH M Mp sMOpHOHab- 
HOM pasBuTuu. CreoBaTebHO, Np USyYeHHM MPH4HH H3MeHeHMA YHCMeHHOCTH 
pbiO HeOOxOAHMo OOpallaTh CaMoe Cepbe3sHOe BHUMAHHe Tak2Ke M Ha YCJOBUA, 
IPH KOTOPHIX MIPOMCXOJMT pasBUTHe OBOWMTOB, OBYJIALMA MH IMOPHOHAabHOe 
pa3BUTHe, a MPH HCKYCCTBeHHOM pa3BeeHHu pbIO —- Ha yCJIOBUA CofepxKaHUA 
M Harysla MpOvsBOsNTeeli, Ha YCOBMA MOMYYeHHA UKPbI AIA OMOAOTBOPeHHA 
M ee MHKYOalMH. : 

OrcyTcTBHe xKe WIM HeJOCTaTOK COOTBETCTBYIOULeH MINH YaCTO ABUIAeTCA 
OCHOBHOM MpHuHHOM OombUo ruOemM JIMYMHOK Ha CwlefyrolleM sTamle UX pas- 
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BUTHA, aHMCHHO TOFa, KOFa OHM y2Ke MOJHOCTbIO Mepelin Ha NMTAaHve BHeIL: 
Heli muuel (1). Stor BHIBOL, KOHeYHO, He HCKIOYaeT HeOOXOAUMOCTH Mpeyo- 
CTaBJICHHA MUM JIMYMHKaM pH MCKYCCTBeEHHOM pblOopa3sBefeHHH C CaMOrc 
Hauasla WX aKTHBHOrO MMTaHHA. 


MuctutyT rugpo6uosornu Iloctynus10 
Axkayemun Hayk YCCP 2 II 1959 
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Toxnxagn Akanyemun nayr CCCP 
1959. Tom 126, Ne 3 


IKOJIOLH A 
A. J]. UMHAPHHA 


M3MEHEHWE OKPACKH TPECKH GADUS MORHUA MORHUA Z. 
(OMMHOUHOM HU B CTAE) B 3ABHCHMOCTH OT ®OHA 


(ITpedcmaeaeno axademuxom E. H. Iaeaoeckxum 5 II 1959) 


| VM3pectuo, 4ro oKpacka KOXKH MHOrMX pbIO He ABMAeETCH NOCTOAHHOM. Ona 

OKeT H3SMCHATLCA B CBA3H C 2KH3HEHHBIM IWHKJIOM, (H3HOJIOrHYeCKUM COCTOR- 
1Me€M, BOspacToM. HekoTopoe BuHMAHHe Ha MpOlecc H3MeCHEHHA OKPACKH OKAa3bI- 
saeT COMep2xKaHHe KHCOPOa B BOJe, a TaKKe XapakTep nuTanua (7). OqHako 
‘alle BCero OKpacKa pbIO H3MeHAeTCA B NOPALKe MpucnocoOseHHA K OKPy2xKalo- 
uemMy CoHY (pa3/IH4Hble BUALI KaMOaJl, KOJIOWIKAa, (OPesb, TObAH, COMHK, ObI- 
(OK, HEKOTOPble akyJIbI H CKaTbI (?~°)). BaxkHocTb 3TOTO OYeBH Ha, TaK KaK GOula- 
‘ofapA MpucnocoOuTebHOH OKpackKe pPbIObl CTAHOBATCA MeHee 3aMeTHbIMH, YTO 
IO3BOJIAe€T OMHHM M30eraTb XHU[HHKOB, a JpyrHM — He3aMeTHO MOIMVJIbIBATb 
< 2KEPTBe. 

B HacTOAeH CTaTbe NPHBOMATCA HEKOTOPble WaHHble OO H3MeHEHHM OKpacKH 
‘peCKH B 3aBHCHMOCTH OT (poHa, O CKOPOCTH 9TOFO Mpolecca, a TakxKe OO OTJIN- 
[MAX B H3M€HEHHM OKPaCKH Y OLMHOUHOH OcoOu Hy rpynnbl pho. 

Pui6y JIA ONbITOB JOBHIH Ha yNouKy B ry6e JlambHe-SemeHeukoH. B Hatem 
JACOPAXKEHHH Oba TpecKa pa3HOrO pa3sMepa HM BO3PacTa — OT CeroJleTKOB 
6—10 cm AMHOH). NO NMATMTOAOBaIbIX. XapakTepHCTHKa HEKOTOPbIX MOJOMBIT- 
iIbIX PbIO MpHBeleHa B Tadu. |. 


Ta6auna 1 


Jute sIbHOCTb Jnute bHOCTh 

No Bospact|/Pasmep| Bec comepx. B No To Bospact| Pa3smep| Bec coyepx,. B 

BIOBI Brogax| BcM | Br aKBapHYMEe || ppi6bI Brogax| BCM Br akBapHyMe 
B AH. B OH. 
1 3 3 Zor Ong 63 6 roo 3 27,0 | 200 49 
Br 9 4 | 33,0 | 250 60 i ie Dae apa tae Page 50 
ome) 4 | 34,3 | 202 63 Salgo 25 a 4O-5nle cao 50 
4 Q 3 28,0 | 150 49 9 fo 2 19)3 54 00 
5 Q 3 43,0 | 650 49 10 2) 2 17,8 34 50 


Kpymuaa Tpecka cofep2Kaulacb B OObIMHBIX BaHHAaX, MATOBO-OeJIbIX H3HYTDH, 
-MopcKOH MpoTouHOH BOOM HM B CTCKJIAHHBIX aKBaPHYMaX, a MaJIbKM B CTeK- 
IAHHBIX OaHKax (BbICOTa 6aHKH 25 cM, AuaMeTp 24 cM), OOepHYTHIX MMOTHON Ge- 
oH usu vepHou Oymaroi. 

UyserBopai ceOA pbiObl XOPOMWO, OTMebHbIe OCcOOH wu OoMee 2 Mec. 
sce STO BPCMA TPeCKa AKTHBHO NMTasacb™. 


* KopM NOJOMbITHBIM pblOaM JaBasica €2KeTHEBHO B PasHE!e Yacbl MHA. Ox cocTOA H3 MaJIb- 
OB TPeCKH H Caliqbl M TaMMapycoB AIA B3pOCMOM TpeCKH H U3 TaMMapycoB JIA CeroueTKOB. 
. KOpMy pbIObl OTHOCHIMCb Mo-pasHomy: onHA (NeNe 3 x 5) OXOTHO N0efasIH M MaJIbKOB, H Ta- 
lapycos; Apyrue (Ne 2) npeANouNTaIH MasIbKOB, TPpeTbH (NeNe 1 u 4) em TombKO raMMapycos. 
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Jina perdcrpalud u3MeHeHHA OKpacKH pblObl (MocBeTeHHe HIM noveM i | 
Hue) Oba MCMOb3OBaHAa 9-OaIbHad Wkasa (1 —npeyebHO TeMHad OKpPacK | 
— BeTwas). 

‘ Daye ee athe an U3BeCTHDIM (akT H3MeHeHHA OKPaCcKH BE 
cooTBeTcTBHH c d@oHoM. Ecau ofMH 9K3EMMAP HOPMAJIbHO OKPalleCHHOH TpeckH 
oMeulamu B Oelyio BaHHy, TO Yepe3 HEKOTOPbIli MPOMeKYTOK BpeMeHH OHA CTA: je 
HOBMJIaCb CBeTJOH. DTO HaOsOAaloch fh 


! 


Ta6Onuua 2 Bo Bcex 49 nmpoBeweHHbIxX onpitax. Hel 


: 


6bulo cayyad, TOOL! M301MpOBaHHad ff 
TpecKa Ha Oe/1OM (OHEe He MeHAJIa CBOEH | 


Oxpacka 

Ne Ne Bj0ammax Mpogonw.  OKPaCKU Ha GOomee cBeTuy10 (3a UCKIO-ff 
; rel i ea peroneue YeHHeM TpeCKH C OObHBIMH ryia3aMiH).| 
cual a ens eine ek TlocmenqHasd, Haxo,acb OfHa B Oe0n 
iw ee BaHHe Oojlee 2 CYTOK, Tak HM OCTalacb} 

| TeMHOM. } 

4 4 56 7 7 Tleppple mpH3HakH MNocBeTeHHA 
Lill aot 9 37 TpecKH Ha Oemom cboHe — noOuleqHeHHe 

: Par 8 a [WIaBHHKOB, IATHHCTOCTb Ha Tele —} 

5 atid 9 35 NOABIANHCh, Kak TpaBuJlo, B TeyeHHe| 

9 ri 9 67 70 HepBbIx 5 MMH. JlaibHeHiiee USMeHeHHe | 
2 n aes 37 OKpaCKH MpOHCXOAMJIO C pasHOH CKO- 

3 4 4 12 pocTbio y Ppa3HbIX ocoGel. CKkOpocTh | 

4 4 See 19 MOCBeTICHHA 3aBucela OT MCXO_HOH) 

2 é i ee OKpacKH; YeM TeMHee Tpecka, TeM OOlb-| 

ie BpeMeHH TpeOoBasIOcb AIA ee pe- 

. : oe baths th JeJIbHOroO MocBeTMeHHA (cM. TaOJ. 2). } 
3 4—2 8 26 IIpouecc nocBermeHua HaOolaica 

4 2 7—8 43 JIMUIb Y OMMHOUHbIX 9K3eMMJIApoB. Tpe- 

5) 4 6 27 cKa Brpymle Apyrux ocobe Besa ce6a 

: ie ae A uHaue: MOCBeTJIeCHHA Ha OelOM PoHe He 

8 5—6 7 5 HaOlofjaocb. Bbw mocTaBJIeHbl OMbI- 

4 Boe WetaetG 13 Tbl, MO3BOJIMBLIHe BbIACHHTb MpH4HHy 
2 ee 9 16 mogoOHoro pa3siMund. B 6enyio BaHHy K 

3 3 8 54 MocBeTleBIeH Tpecke MocaKuBalacb 

5 4 Pasi let ae 27 HOPM@JIbHO OKpPallleHHad TPpeckKa, T. e. 
2 12 6 47 TeMHaA B CpaBHeHHH c nepBol. Uepes 

: ae : ie HeKOTOpoe BPeMA CBeTad TpecKa Ha- 

5 9 ou) 12 uHHaJla TEMHETb, mpHooperas oKpacky 

6 p 6—7 20 mlofcaxkeHHOH K HeH TeMHOM TPpecKH. 


Onbit Ob MoBTopeH 17 pa3, KaxkbIli pas 
* [IpuBoyarea Aanuple Aa ocobel, no HaGwoJasacb OHa WH Ta Ke KapTHHa: 
Ean eee uMeeTCa HawOovlee NOMHSIH pA CBeTad TpecKa TeMHeNa B IIPHCyTCTBHU 
oe ieee TemHoH. Ileppble mpH3Haku moTeMHe- 
HUA — HeMpO3pauHOcTb MaBHAKOB, IMAT- 
Ha BAO 1b Tea —NPOABAIMCb yxKe yepes 2 MHH. OT Hadaa onbiTa. OkonuaTeIbHO 
TEMHBIMH PbIObI CTAHOBHJUCb OObINHO Yepes 40 MuH., depes | 4ac. Temnan Tpecka 
He NPOABAMa pH STOM HUKaKHX MpH3HaKOB MocBeTeHua. OnpiTsl noKasaJH, 
4TO MOTeCMHeHHE CBETJION TpeCKH B IIPHCYTCTBHM TeMHOM He 3aBUCUT OT COOT- 
HOCHTEJIbHBIX pa3MepoB PbIO: HalpuMep, TpecKka Ne 1, 6yayun cBermoli, TemHena 
MpH NWofcaxuBaHun K Hel ppid NeNe 2, 4, 5, 8, lO ur. 4.: To xe HaOs10aslocb 
y ppi6 NeNe 5 u 7. Bonee toro, ecu K ABYM WIM TpeM cBeTyIbIM OcobaM TpecKH 
MOfCakuBaln OMHY TeMHy10 (Oe3pa3IM4HO —OombUIyIo nan MeHbLIYIO), BCe 
CBeTIble PbIObl CTAHOBUJIHCh TeMHbIMA (puc. | au 6). Tloremnenne rpynnbl cBer- 
ABIX PbIO HAYHHANOCh Gomee HAM MeHee OMHOBPeMeHHO U LWIO TaK xe OxIcTpo, 
Kak WH OAHOM ocoOu. Yxe uepes 3—7 MMH. MOXHO ObIIO BUeTD U3MeHeHMe UX 
oxpacku. [logoOHoro poga onpirbl MpoBOAMIMch NpH pasnMuHEIX coueTaHUAX 
NOMOMPITHEIX PIO, PesybTaT Ob Berga OMMHAKOBHI —rpynna cBeTABIX pH 
Ha OeoM (bone TeMHesa B IpHcyTCTBHH JarxKe ONOL TeMHOL Tpeckn. Bem mpo- 
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eeHb! OMbITHI OObeAMHCHHA B OMHOM aKBapHyMe HECKOJIbKHX MOCBeTVIeBIINX 
BIO, COep2xKaBUIMXCA paHee NO OAHOH Ha Geom doue. B Takom cayyae noTem- 
eHHA He HaGuioOJaocb. 

Peaktlua Ha TeMHBIH (OH* OHO OcoOM TpecKH HM rpynnbl pbiO TaK2Ke OKa- 
alacb pa3sIM4HOH. ONMHOUHaA CBeTAaA OCOOb TpeCKH Ha TeMHOM (one TemHeNa, 
mpHueM ee OKpacKa 3a 4ac H3MeHANAach Cc 8—9 u 9 No 4—5 un 3—4 coorBercTBeH- 
HO. OKpackKa CBeTJIbIX 9K3€MIVIAPOB TpeCKH, MOMELLCHHBbIX 0-2Boe Ha TeMHbIH 
dou (pint NoNe 1 u 4; NeNe 2 u 1), ocraBanacb 6e3 U3MeHeHHA. 


Puc. 1. a—3 cBeTabix TpeckH H 1 TeMHaad, pa3eJIeHHbIe 
HempospauHolw Oemol meperopoyKol; 6—Te xe 4 TpeckH 
yepe3 2 uaca noclle HX OO BeAHHeEHHA 


Jia pelieHHa BoIpoca O TOM, KaKHM IYTeM OCYIeECTBIACTCA BIIMAHHE TEM- 
HOOKpallleHHOM TpeCKH Ha OKPaCKYy CBeTJION, Mbl NOMellalIH HeOOIbWON CTeK- 
JISHHbIM akBapHyM co cBeryioh (9) Tpeckow Ne 1 B BaHHYy, re Haxo_MHCcb 
OCO6M HOpMaJIbHO OKpallieHHO Tpecku (NoNe 3, 4,7, 10). Uepes 2 mun. cBetian 
Tpecka CTaJla 3aMeTHO TeMHETb — MOTEMHEIM WIaBHUKH, Ha TeJle NOABHJIMCb 
TeMHble NATHA; “epes 2,5 uaca 3Ta TpeCKa HHYeM He OTJHYalacb MO OKpacKe 
OT OKpyKalollux ee pbiO, MocueqHHe %e COXPaHHJIH MCXOMHy!O OKpacKy. 3a 
Bce BpeMA OMbITa TpecKa, HaxOfAlljaicA B akBapHyMe, YCHJICHHO CJlequa 3a 
pbl6aMu B BaHHe. OTOT OMIT MOKa3aJI, YTO NOTEMHEHHe CBETIIOH TPeCKH B MpH- 
CYTCTBHH TeMHOHM OCYIIeCTBIIAeTCA B Pe3YJIbTATe BOCIIPHATHA OMpeeseHHbIX 
3PHTEIbHbIX OLLYUIeEHHH. 

PesioMMpyA pe3yJIbTaTbI ONbITOB C KPYNHBbIMA pblOaMH, MOXKHO IIPHHTH kK 
CIeLYIOWIMM BbIBOJaM: 1) OMHOUHAaA OCOOb TpecKH, MOMeleHHad Ha Geb WIA 
TeMHbIi (POH, OUeHb OBICTpO MpHoOperaeT OKpacky cooTBeTCTByIOUlero Poua; 


* TemubIM (OHOM CJIYKMO FameyHoe HO CTeKJIAHHOTO akBapHyMa. 
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TpecKa B rpynne Lpyrux ocoGell, Haxosicb Ha OesOM HM TeMHOM (oHe, He 3) 
MeHseT CBOeli OKpacKH; 2) TeMHOOKpallleHHad Tpecka OKa3sbIBaeTCA Oo/lee CHJIb\y 
HO JlelicTBy!ollMM (baKTOpoM, Yem Genbili (POH, KaK JIA OMMHOUHOM Ocobu Tpell 
CKH, TaK H JIA FpynMbl CBeTMbIX pbIO; 3) BossfeicTBHe KaK aOMOTHYeCKUX PakTO 
poB, TaK HM OHOTHUECKHX OCYILECTBIAeTCA, OUCBUAHO, Yepe3 3peHHe. 

MaibKu TpeCKH, MOMeULeHHbIe Ha Sebi CoH, CBETIeIM HeE3aBHCHMO OT HM?) 
KouMuectBa (1, 2, 4, 6, 8) u mpu6mu3HTeMbHO C OJMHAKOBOM CKOPOCTbIO (BpeMs 8 
flO OKOHUAaTeIbHOrO mMocBermeHua 29—43 muu.). ByfyyH MoMelleHHbIMH Hé\y 
YePpHbIH (POH, MaJIbKH TeMHeJIM, CKOPOCTb MOTCMHEHHA TakKe He 3aBHCela 01} 
KOJIMYECTBA MaJIbKOB H paBHsaacb 5—10 muu. Ilocae storo cpoKa OKpacKa He 


H3MeHAaCb, CKOMbKO Obl Mbl UX HM Jep2xasH Ha TeMHOM (oHe. 


Mypmauckasd OvomorMueckad cTaHIHa Tloctynuato 
KombceKxoro dumuanta um. C. M. Kuposa 19 I 1959 
Akanemuu Hayk CCCP 


WHMTMPOBAHHAA JIMTEPATYPA 


1H. B. IlyuxKkos, @usuonorua pui6, 1954. *% X. B. Kort, IlokposurerpcrBen- 
Had oKpacka *KuBoTublx, MJT, 1950. %C. Osborn, Woods-Hole Oceanographic Insti-f 
tution (Report for the jear 1938). *G. H. Parker, Woods-Hole Oceanographic Insti-} 
tution (Report for the jears 1933, 1935).° G. H. Parker, H. Porter, Biol. Bull., 
66: (1934), °F. Bo Sumner, J Exp. Zools Pinlady lool): 
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Horaanp Akagemun wayx CCCP 
1959. Tom 126, N 3 


MHKPOBHOJIOLH A 


MH. B. KOHOBA 


®H3HKO-XHMHYECKHE MOKASATEJIM CPEJ[bI (pH, Eh, rH.) 
IPH PASBUTHH ACTINOMYCES GRISEUS HW OBPA3SOBAHHMU 
MM AHTHBHOTHYECKOLO BELIECTBA 


(ITpedcmaeaeno axademuxom B. H. Hanownuxoeoim 23 II 1959) 


H3BecTHO, YTO AKTHBHAA 2KM3HEAECATEbHOCTh MHKPOOPraHH3MOB MpOHCXOLUT 
B CTPOro ONpeeIeHHbIX JIA KaxkOrO opraHu3Ma (:pPu3HKO-XHMHUeCCKUX PaMKax. 
) BaxHehwumu dakTopaMu, OMpelesAIOWIMMM CTeMeHb MpHrosHOCTU TOM uM 
MHOM Cpeb WIA PasBUTHA Pa3JIMYHbIX MHKPOOPFaHN3MOB, ABJIAIOTCA AKTMBHAA 
KHCJIOTHOCTb H OKHCJIMTe@JIbHO-BOCCTAHOBHTEJIbHbIe YCJIOBHA CPeNb, KoOHMue- 
CTBCHHO XapakTepH3ylolulMeca BeswHuMHamMu pH, Eh, rHg. 

I. PaOoramu psyfa apropos (cm. (1)) ycTaHOBJeHO, 4TO OOJIbLIMHCTBO aK- 
THHOMHILETOB pasBuBaeTCA B pesemax pH 5—9. Ho ecTb Bub, MpHcnocoOusB- 
mueca K cpeslaM C BBIXOMAIIMMH HM3 yKa3aHHbIX MpesesioB 3HayeHuamu pH. 
Tak, HampuMmep, fua Streptomyces coelicolor 30Ha, mpuroqHad MWA pa3BH- 
THA, HaxOWUTcA B mpefenax pH or 4,2 po 11. 

Tak Kak aKTHBHadA KUCJIOTHOCTb Cpefbl IPH pa3sBUTHH B Hei KYJIbTYPbl MUKpO- 
OpraHu3Ma B KOHe€4HOM CueTe 3aBHCHT OT KUHCJIbIX HW LeJIOUHbIX MpOAYKTOB, 
OOpasyrtolluxca B Cpesle H3 ee COCTABHbIX YacTeH, TO ECTECTBCHHO, 4TO XO] U3Me- 
HeHuA PH cpefpl OOycOBINBaeTCA CHelMPUKOH OOMeHa BelleCTB OpraHu3ma U 
COCTaBOM Cpefbl WIA eFO KYJIbTHBUPOBaHHA. 

Ha xapaktTep u3mMeHeHuad pH oka3blBaeT BJIMAHHe He TOJIbKO COCTAaB CpesHl, 
HO HM HauambHoe pH. Tak, HampuMmep, u3BecTHo, 4To Str. coelicolor mpu pa3Bu- 
THM Ha cpese, cosepxKallle r1OKO3y, NpOW3BOAMT 3HaYHTeIbHOe NMOAKUCeHHe 
cpelbl B Cly4uae HavasbHOoro WeMO“HOrTO 3HayeHuA pH (°). 

TloqKucsenve cCpebl, UMelolleH Ha¥abHoe WleouHoOe 3HayeHMe pH, oTme- 
yeHO B calydae pasBuTua St. lavendulae; mofKucieHve Mpowcxofuso 3a cueT 
o6pa30BaHuA MOJONHOM KuCHOTHI (°*). 

Hamu u3yualocb W3MeHeHHe aKTHBHOHM KUCJIOTHOCTH cpefbl B mMpotiecce 
paspuTusa Act. griseus uv o6pas0BaHHA HM AHTHOMOTHYECKOLO BellecTBa Ha cCpe- 
max c 10 pasiv4HbIMM HayaibHbIMa 3HayeHuamMH pH B mpegemax oT 4,23 Jo 
8,69. 

KysbTypa akTHHOMUMUera, NowyyeHHad c Kacespbl MukpoOnosoruu MocKos- 
CKOrO YHUBepcnTera, Obivia oTHeceHa K COopHoli rpynme Act. griseus (?). Hsay- 
YaeMbIM AKTHHOMMIeET OOpasoBbiBasl AHTHOMOTHYeCKOe BellleCTBO, B CileKTpe 
HelicTBMA KOTOpOrO HaXOAUTCA pA PpaM-MOJIOXKUTCbHDIX MUKPOOPraHH3MoB 
M HeKOTOpble TpHObl. 

OnbiTEI NpoBosMINch mpu 25—28° B ycOBMAX MOrpyxXeHHOrO KYJIbTHBHpoO- 
BaHUA Ha KauadkKe, Bpatlaioulelica co ckopoctbio 110—120 06/mun, Ha Mosudu- 
WupoBaHHon cpene Jtionane (°), B KOTOpoH B KayecTBe MCTOUHMKA a30Ta Obl 
B3AT acnaparuH B KOJIMYeCTBe, IKBHBaJICHTHOM IO a30TY OPHTHHaJIbHOMYy Ppe- 
Wenry*, a TaK2Ke YMeHbIUeCHO KOJIM4eCTBO K,HPO, no 1,14 ru mpu6aBneno 3,8 r 


* Cocras cpept Jonane (na 1 a1): rmoxostt 10 r, NaCl5 r, KeHPOsg 2 r, MgSO, 0,1 r, 
CaCle 0,4 r, FeSOs-7H2O 0,012 r, ZnSOs-7H2O 0,01 r, (NH«)2HPOs 4 r. 
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a2 af i 
KHPO,. 50 ma cpeubl, pasuTble B KONObI OpseHMelipa Ha 250 Ml, 3aceBaHCb | 
cycnensueli cnop 10-cyrouHoi KybTypbI C KapTodenbuoro arapa (no 3 ne Twi i 
Ha KoJl6y). ; i 
AnTuOvoTH4ecKad aKTHBHOCTb KYJIbTYPaJIbHOM %KKKOCTH oMpememsach & 
MeTOJIOM MOCJCLOBAaTEIbHOTO PasBeEACHHA MACO-IeNTOHHEIM OyJIbOHOM Oe3 COM. 
Tecr-o6bexT — Bac. subtilis. SHauvenve pH u3mMepas0cb dJIeKTPOMETPHYCCKH fh 
Ha moTeHuuomerpe IIK-4. | 
Tlomyuenupie pe3yJIbTaTbl WpescTaBeHb Ha puc. | HM 2, H3 KOTOPbIX BUHO, jf 
uTo 3HayeHHe PHuay (4,23) BEIXOMMT 3a Mpefedbl MepeHOCHMOM aKTHHOMHILCTOM w 
KHCJIOTHOCTH CPpejIbl. 
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oa ees ae la DY Gi © BEAT 


Puc. 1. U3menenne pH 8 npouecce pasBurua Puc. 2. AntTuOnoTuyecKad aKTHBHOCTb 
Act. griseus B 3aBHCHMOCTH OT HauaJIbHbIx IIPH pasIHUHbIX HavaJbHbIX pH cpegp. 
sHayeHHH pH cpegu: 1 — 4,23; 2 — 4,89; 1—10 — Te xe, uTO Ha puc. | 


8—5,27; 4—5,44; 5—5,93; 6-—6,67; 7—6,83; 
8—7,19; 9—7,97; 10—8,68 


B nepBpl MepHok pasBuTHA OpraHu3Ma pH cpeybl MeHseTCaA B 3aBHCHMOCTH 
OT erO HadaJIbHOrO 3HaYeHHA; Tak, 1pH PHyay 4,89—6,83 nponcxoguT Oovbuiee 
WJIM Me€HbIllee NOAUeauMBaHHe cpesbl, TOra Kak Up PHyay 7,97 MOUTH HET U3Me- 
He€HHA KHCJIOTHOCTH B NepBbli MepHol, a MpH PHyay 8,68 oTMeyaeTcA pesKoe 
yBemmueHHe KucIOTHOCTH. JlambHekiee usMeHeHHe PH cBoguTcA BO BCeX Cuy- 
yaax K NOfMMeauMBaHulo Cpelbl B OoMbIUeH UM MeHbIel crenenu (puc. 1). 

Jimana3oH OarompusaATHEIX JWI AHTHOMOTHKOOOpas0BaHUA 3HaveHMH PHyay 
Cpefbl HaxXoJuTcA B Mpefentax 7,97—5,27 (puc. 2). 

Takum o6pa30M, O¥eBUAHO, 4YTO OpraHH3M aKTHBHO peryaupyer pH cpespi 
COOTBETCTBEHHO CBOHM MOTpeOHOCTAM, OOecneYHBad YCOBMA WIA OCYUeCTBUIE- 
HHA OOMe€HHBIX NpolweccoB, B TOM 4MCTe UM OOpas0BaHuA aHTMOMOTHUKa. 

II. CymecrByer ompefeeHHad 3aBHCHMOCTb MexKY BeMUHHO OKUCAH- 
TeJIbHO-BOCCTAHOBHTCbHOTO MOTEHUMaa CPefbl H 2KUSHELEATEMbHOCTHIO KYJIbTH- 
Bupyemoro Ha Hel Opranu3ma. CpeyeHul B UTepaType 06 OKHCJIMTebHO-BoccTa- 
HOBHTeJIbHOM pe?KHMe’ B Pa3BHBaIOUMXCA KYJIbTypaX AKTHHOMHILETOB MaJo. 
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V1. JI. Pa6ornosoii c corp. (*) Moka3aHo, 4TO KaK B MOBePXHOCTHOH, Tak u B 
rmiyOuHHOH KybTypax Act. globisporus pa3sBuBaeTcA B JOBOMbHO WIMpoKHx 
mpefenax rHe, He pearMpyx Ha u3smMeHeHHA THe oT 15 jo 30. 

Ectb yKa3aHusA, 4TO WIA OOpasoBaHUA CTPeNTOMHUMHAa OaronpHATHO mpo- 

jyBaune oT 2 Jo 6 06. % Bosfyxa, uTo cooTBetcTByeTt Eh 0,200 —0,255 B. Kpamau 
c coTp. (°) Obwio MoKa3aHoO, 4TO OOpa- 
30BaHHe CTPeENTOMULMHa MPOWCXOAMT Jump, Eh rH, 
Mocie ycTaHOBJeHHA oMmpeyzeteHHoro du 
YpOBHA OKHCJIMTeIbHO-BOCCTAHOBH- 
TENbHOFO MOTeHIUMaa B Cpee MYTO — 44) 
| MaKCHMaJIbHad AKTMBHOCTD COBNAaaer - 
C CaMbIM HH3KHM OKHCJIHTeJIbHO-BOC- 
CTAHOBHTE/IbHBIM MOTeHIHaJOM. 

B HacTosei padoTe usyyanocb 
-W3MeHeHHe OKUCJIMTeJIbHO-BOCCTaHO- 
BUTeJIbHOrO MOTeHWHala Cpeflbl, a 
TaKxKe aHTHOMOTHYeCKOH AKTHBHOCTH 
-B mpomecce pasButun Act. griseus 
MpH rayOuHHOM] KYyJIbTHBUpOBaHHN. 
Mertoyuka NocTaHOBKH OMBITOB HU HC- 
cJleqOBaHHi B OCHOBHOM Ta Ke, YTO a 


B ONMCaHHbIX BbIlle OMbiTax. iA afta ate ea 
Jina onpegenenua Eh B ycnopusax Pp GORI NM: TONE eye, 


NOrpy2KeHHOrO KYyJIBTHBHPOBaHWA WC- pyc. 3. Usmenenua (bu3HKO-XMMMYECKHX MOKa- 
NOb30BaAIaCb CieWWaibHaA KauaJl- sarTene cpegqbl H aHTHOMOTHYeCKOM aKTHBHOCTH 


Ka, clesaHHaa mocxeme T. B. Ka- B Mpowecce paspuTua Act. griseus 
3anckoH u HM. H. Martpocospm. 3Ha- 

yeHua Eh wv pH onpeseisamuch aeKTpOMeTPpH¥eCKH Ha MOTeHIWMOMETpe C KaJio- 
M@JIbHbIM 3J1eKTpofom. B ciyuyae onpefenenua Eh ynotpeOanucb milaTuHo- 
Bble MWvlaCTHHUaTbIe BJIEKTPOJbI, IJIaTHHHPOBaHHble XJIOPHOH MiaTHHOH. 


AAmuGnocins 


Par 


Ta6muna 1 


H3menenua Eh, pH, rHe uw anTHOuoTHyecKOH akTHBHO?TH B Mpowecce pasBuTHa 
Act. griseus 


BpeMa pa3sBuTHA (B CyTKax) 


Iloka3aTenb 

ee nau.| 2 | 4] s 6 | 3 ay lee 

1 Eh 266 |260 |244 _— — | 95,6) — — | 54,2 | 73,6} — | 75 
pH 6,64] 6,66} 7,04) — — 8,29) — _ 8,68) 8,72) — 8,77 
TH 22,48] 22,32) 22,51) — — | 19,88) — — | 19,23) 19,98] — | 20,12 
Turp, ex/Ma1 -- _— — | 8 — — 243 |729 — |243 

2 Eh 240 — |240,4 | — |215,5 |175,6 | — — | 88,7 | 88,6 | — | 98,3 
pH 6,64) — 6,97) — 7,66] 8, — — Soll FWA 8,94 
rH, 21,57; — | 22,24 — | 22,80} 22,28) — — | 20,07} 20,36) — |} 21,24 
Tutp, ex/ma 0 — 3 — | 81 (243 — — |243 z — | 81 

3 Eh 316 )846 368,38 | — |253  |275,3 | — — /150,6) — = = 
pH 6,64] 6,66) 6,95) — Teta Ss 40 — 8,49] — — — 
rH, 24,13) 25,27] 26,43) — | 24,29} 25,76) — — | 22,18) — = == 
Turp, eq/Mn 0 — 0 _ — {243 — — |243 _— — — 

4 Eh 345.1859" «1354 — {326,5 |326 = — |175,3 |167,6 | — {168 
pH \ 6,64} 6,64) 6,88) — Atl 8,13) — _ 8,55} 8,62) — 8,9 
rH, 25,2 | 25,67) 25,97) — | 26,68) 27,53) — — | 23,06) 23,02) — | 23,6 
TuTp. ex/Ma 0 _ 3 — 7 243 _ — |243 |243 — | 8 

5 Eh 281,7 1294 — /249,5 |247,8 |205,3 | — /|182,9 |167,9} — | 89 _ 
pH 3 GOT erst lean lieeGhh 7,861 eS Oll emi Sonal 8 eal ie 9:0) a= 
REG 23,05] 24,44 — | 23,82] 24,22) 23,1 | — | 23,19] 23,15) — | 241,09) — 
Turp, en/man — 0 — | 27 _— 3 — 729 — — 729 _ 

6 Eh 262,4 |255,1 |239,7 | — |179,7 |140,9 | 99,35] 76 — _ _ _ 
pH 6,62} 6,62) 7,23) — 8,25] 8,23} 8,26) 8,3} — _ _ — 
rH, 22,33] 22,08] 22,73] — | 22,70} 241,20) 19,90) 19,22) — _— — — 
TuTp, ex/mMa a 0 — _— —~ [243 |243 — — — — 


Ilpumeuannue. Konuentpanua raoKospl B onbitax NeNo1—4 papuanacb 1%, B OMBI- 
tax NoNe 5 u 6 ona 6nlna 3%. 
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Onbirst MpoBosusucb Ha cpefe JIionane c KNOs B kauecTBe HCTOUHMKa asorTa | 
IIpH KOHWeHTpauuax rvoKosbl 1 u 3%. Tlocepubim MaTepHasioM ciyKusa 36} 
yacoBad KYJIbTYpa, BbIpAallleHHasl B YCJIOBHAX, HCHTMYHEIX ONBITHBIM, HM MmpHoOaB| 
Jisemad 10 5 Ma Ha KoulOy c 45 MJ cpespl. 

PesyuibTaTb! UccMeLOBaHHt cBeyeHbI B Ta6. 1. [lepppie 2—3 cyTOK ABMAIOTCS} 
MepHOJOM 3aMeWIeHHOrO pocTa MoJoOHO sar-case y OakTepH; BeMM4YHHA OKMC 
JIMT@JIbHO-BOCCTAHOBUTeEIbHOrO MOTeHIUHala B STOT MepHO OcTaeTCA NOTH Hé 
OJHOM YpOBHe HIM HeCKONbKO BospactaeT. Hekoroppit nogbem Eh u rHe t 
HauaJIbHbIli MepHO pa3BUuTHA KYJIbTYPbl, MO HallleMy MHeHHIO, OObACHAETCS 
TlepeHaCbIeHHeM Cpefbl KHCOPOOM 3a CUeT 3aMeJIeHHOrO pocta. 

Satem HacTyMaeT nepHok pesKoro CHHXKeEHHA NOTeHMala, COBMaLaoulun ¢ 
mepHOOM HavOolee MHTeCHCHBHOTO pocTa KYJIbTYDPHI. 

B nepwog cnopoo6pasoBpaHuaA M aBTOuIM3a BelMuMHE! Eh uv rHe HeCKOJbKC| 
MOBbILMAIOTCA. 

V3 conocraBieHuA KpHBbIX Ha puc. 3, Pe u3800paxeH OHH H3 OMBITOB; 
BUHO, UTO HapacTaHve aHTHOMOTHYeCKOM AKTHBHOCTH COBMajlaeT CO CHHKeHHEN 
OKUCJIMTEJIbHO-BOCCTAHOBUTeIbHOTO NMOTeHWMaa. 

W3 momyueHHbIxX JaHHbIX cJlelyeT, TO M3y4aeMbI MpesCTaBUTeJE 
Act. griseus B yCIOBHAX TIYOHHHOrO BbIpallMBaHHA pasBuBaeTCA B cpee 
c rHe 19—28. IIpu stom MaKCHMaJibHaA AaHTHOMOTH4YeCKaA AKTHBHOCTb OTMe- 
yaeTCA MpH CHH2K€HHOM OKHCJIMTeJIbHO-BOCCTAHOBHTCJIbHOM MOTeHHaJe. 


VMuctutyT mukpoOnonorun Tloctymuao 
Axkafemuu Hayk CCCP 6 IX 1958 
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Aoxnaane Akanemun nayrx CCCP 
1959. Tom 126, N> 3 


BHOXHMHA 


71. JOMAH 


BJIMAHWE TEMNEPATYPbI HA AKTHBHOCTb KHCJION 
a7 IEJIONHOH POCHATAS MO3rA TlO3BOHOUHBIX IN VITRO 


(I]pedcmaenzeno axademukom K. M. Boikoeom 16 II 1959) 


OcHoBHOe OuvOJIorH¥ecKkoe 3Ha¥eHHe (pepMeHTOB 3aKIOUaeTCA B TOM, TO 
B HX NPHCYTCTBHM KaTaJIM3HpyeMble UMM peaKUMH B OpraHH3Me MpoTeKaloT Ha 
OTHOCHTeJIbHO HH3KOM 3HepreTHYeCKOM YPOBHe; HHbIMH CJIOBaMH, Te 2%Ke peak- 
uuu Oe3 yyacTHA (epMeHTOB MpoTeKalOT CO 3HaYHTebHO OOAbIUIMM NoTpebse- 
| HHeM BHelllHeH 9Hepruu. Ilo Mepe pa3sBHTHA OCHOBHbIX (epMeHTOB UH (epMeHT- 
_ HBIX CHCTeM OOMEH BeleCTB OPraHi3Ma CTAHOBUTCA BCe Goee HeE3aBHCHMbIM OT 
IIpHTOKa SHeEprHu M3 BHellHeH cpesbl. Kak yKa3pipaer A. B. Baaropemenckui 
(1), MOXKHO NpOCMeLHTb 3aBHCHMOCTb MEXY BbICOTOM Pa3BHTHA PaCTHTebHBIX 
MH XKMBOTHBIX OpraHH3MoB HU atpeKTHBHOCTbIO HX CPepMeEHTOB. 

To OOcTOATeIbCTBO, YTO Pa3sHble XHMHYeECKHeE peaKIIMH OOMeHA BeII[eCTB, 
KaTaJIM3HpyeMble (PepMeHTAMH, MpOTeKalOT Ha Pa3HbIX ZHEPreTHYeCKHX YPOB- 
HAX, IO BCeH BEPOATHOCTH, UMeeT ONpeeeHHoe OuosorMuecKoe 3Ha4eHHe. 

Anau3 (epMeHTaTHBHBIX peaKIMi C TOUKH 3peHHA KHHeETMYeCKOH XHMUH 
MOXKeT CJLYXKHTb WCXOXHOM CTYNeHbIO JIA NMOHHMAHHA CJIOXKHBIX OMOXHMH- 
YeCKHX IIpoweccoB, B KOTOPbIX COUeTaIOTCA OCHOBHbIe HW MpocTble XHMMYeCKHe 
peakiuu. 

B WaHHol paOoTe uccleqoBalacb aKTUBHOCTb (poctpomoHoscTepa3 (KHCJIO“ 
M WlelouHok cdboctata3) Mo3ra MpesCTaBUTeNeH MATH KJIaCCOB MOSBOHOUHBIX pH 
PpasHbIX TeMMepaTypax. OTO MO3BONMNO CelaTb NOMbITKY OXapaKTePH3OBaTb 
3TH (epMeHTbI C KHHETHUeCKOM CTOPOHBI, T. €. CO CTOPOHb! UX CNocoOHOcTH 
CHWKaTb 9HeEpruio akTUuBalluu. Kpome Toro, u3y4eHHe aKTHBHOCTH ocdaTas 
B 3aBHCMMOCTH OT TeMIepaTYPbI JaslO BO3MOXKHOCTh H3y4aTb MpHcmocoGsenue 
OpraHH3MOB B OTHOIICHHH 9TUX (PePMeEHTOB K eCTCCTBCHHbIM TeMIepaTyPHbIM 
KoleOaHHAM. 

Metoguxka. M3yyenve BAMAHMA TeMMepaTypbl Ha AaKTHBHOCTb KUCJON 
M wleOuHOH cpoctbaTa3 MO3ra MpoBOAMIOCh Ha CJIeEMYIOWMX YKHBOTHHIX: UlyKa 
(Esox lucius), uarymKa (Rana temporaria), uepenaxa cyxonytuaa (Testudo 
Hornsfieldi), romy6b, 6enan Kptica. 

Onpirb! ObwiIM MpoBeseubl in vitro c HHKyOallMell PeaKIWMOHHbIX CMeceH TIpH 
NATH pasHbIxX Temmepatypax: 10, 19, 28, 37 u 46°. 

OnpefeteHve KucioH u WelouHOK cocdaTa3s MpoBOAHOCb MeTOXOM, KOTO- 
pbii onucan B paGore (?). B onpirax Hcnomb30BasICA BeCb FOJIOBHOH MOST %KH- 
BOTHBIX. PeakUMOHHbIe cMecu (Besse [Be MapaJiJIebHbIX) COBMeCTHO CO «CJIe- 
MbIMH» 1pOOaMu, HHKYOMPOBaJIMCb OMHOBPeMeHHO B MpPOjloIwKeHHe OAHOrO Yaca 
IPH Ha3BaHHbIX MATH TeMMepaTypax. AKTHBHOCTb (ePMCHTOB BbIMHCAAACh B 
MUKporpaMMax OTUlenseHHoro HeopraHuyeckoro docopa Ha 100 mr BilaxHOH 
TKaHH Mo3ra. 

JIA BbIPaxKeHUA OTHOWICHHA MOrapHMOB akTHBHOCTH cboctbata3 K aOcouIoT- 
HOH TeMMepaType MbI TOMb30BaIMCb ypaBHeHHeM, MPHBeAeHHEIM B padoTe (7): 


l Ra = 4 at 7) 
og x = ise 1b ’ 
ryefk; u ke —MoKkasaTesM CKOpOcTH PeaKUMH Ip aOcOJIOTHBIX TemMMmepaTypax 


T, u Tz, a K —xkoucranta. 
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TevieM CKOPOCTH peakIHH. I 
Iipu BbIUHCJICHHH SHEPrHH akTHBauNu {J MBI MOJIb3OBaJIHCb y PaBHeHHeM. 


TiT2 
y= (In kg — In Ry) Ret,’ 
rye 2 —ra3opan nocroanHas (1,9868 r-Kam), Ry uw Re — KOHCTaHTHI ckOpocTH fF 
peakUHH MpH aGcouOTHBIX TemmepaTypax 7; H Te. 
fe 
150 


---@a — Oo 


100 


Puce. 1. Temnepatypuble kpupble memouHoli (a) uw KucHOH (6) hoctbaTa3 Mo3sra MO3BO- 
HOUHBIX: OTIWeMeHHe HeopraHHyeckoro docdopa B MHKporpamMMax Ha 100 mr Baax- 
HOH TKaHu Mosra. / — WyKa, 2 — aaryuiKka, 3 — uepenaxa, 4 — ronyOb, 5 — xpbica 


B ocHope 3TOrO ypaBHeHHA sexKHT copmyia AppeHnyca: 


U. 
N? = Noe RP: 


rye N’ — KOHUeHTpaluA aKTHBHbIX Moseky, NV, — KOHIWeHTpallA HeAKTHBHBIX + 
MOJIeKYJI, a %& —TOCTOAHHAA BEIMYNHA, XAPaKTepHasd AVIA WAHHOFO Bua MOVIEKYI 
WM BbIparKalollad KOJIMYeECTBO H3ObITOUHOH SHEPrHu, KOTOPOe HeOOxXOMMO MIpH- © 
JlaTb H€aKTHBHOHM MOJleKysie, YTOObI OHA MpeBpaTHJIacb B AKTHBHY!O HM CMOrVa 
BCTYNHTb B peaKIHI0. 

Pe3syabTaTb. B ecrecTBeHHbIX YCIOBHAX Y Pa3HbIX KHBOTHBIX (pep- 
Me€HTbI JeCHCTBYIOT IIpH paSHbIX TeMMepaTypax: y TeIJIOKPOBHbIX NIpH Temmepa- 
Type Tesla 37—39°, y xOJOMHOKPOBHbIX B 3aBHCHMOCTH OT TeMMepaTypbl OKpy- 
*Kalolle cpesn. Ilosromy usyyeHve BIMAHHH TeMMepaTypbl Ha AaKTHBHOCTD. 
(epMeHTOB, B TOM UHCJIe H (ociaTa3, OKa3bIBaeTCA HMHTEPECHbIM HM C TOUKH 3pe- 
HHA TIpHCMOCOOJeHHOCTH (epMeHTHBIX CHCTeEM K €CTECTBEHHBIM KOJIeOaHHAM TeM- 
nepatypbl cpefbl. 

JIlurepaTypHble JaHHbIe O HeOJMHAKOBOH TelJOYCTOMYMBOCTH MUULeBapH- 
TEJIbHbIX (PEPMEHTOB MpeMCTaBUTeeH Pa3HbIX KJIaCCOB MOSBOHOUHBIX CBUJeTeJIb- 
CTBYIOT O TOM, 4TO MO CTPOeHHi0 OeIKOBOH YacTH STH CPeEPpMEHTHI He BMOMHE HeH- 
THUHBI. HanOoulbliad CKOpOCTb HHAKTHBalluW Mp BO3elHCTBHM BbICOKOM TeM- 
MepaTypbl CBOMCTBEHHA MIMULeBaPHTeIbHbIM (epMCHTAM XOJIOJHOKPOBHBIX XKU- 
BOTHBIX, XKMBYINMX MpH HH3KHMX TemMMepaTypax (pbiGbI), a HaHMeHbIWaA CKO- 
pOcTb —TeIMWIOKPOBHbIM 2KHBOTHHIM. IlpomexyTouHoe NMomOwKeHHe 3aHHMAaIOT 
(bepMeHTHI ampuOut Mu penTuIMK, ITO CTAaHOBHTCA MOHATHBIM, eCJIM yuecTb TeM- 
nepaTypHbIlt pexKHM MX CYylecTBOBaHHA (4). 

IlonyyeHuble HaMH pesyJibTaTbI (pvc. 1) moKa3bIBaloT, UTO C NOBbIMeHHeM 
TeMllepaTypbl Bbillie 37° menouHan cpocthata3sa y BOMHbIX 2KHBOTHEIX (ULyKa UM 
Jiarylika) OOHAapyxKMBaeT pe3KOe YMeHbINeHHe AKTHBHOCTH. OTH %KHBOTHEIe, 
B CHJIY CBOeroO OOpasa XH3HH, OCOCCHHO YYBCTBUTebHbI K MOBbILICHHAM TeM- 
nepatypbl. Takai BbIcoKad TeMMepaTypHaA UYYBCTBHTeEMbHOCTb WemOUHOL cboc- 
cbatasbI OOBACHHAeTCA (MO2%KHO AyMaTb, Kak M Y MMUeBapHTeIbHBIX cbepMeHTOB) 
OTJIMYMAMM B CTPOCHHH MOJIeKyJIbI (PepMeHTa, BEPpOATHO ee GeKOBOM uacTH. 
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Y CyXOMyTHbIX 2KHBOTHBIX (Yepemaxa, romy6b, KpbIca) KpHBad AKTMBHOCTH 
| eNOUHOH cocdarasbl Mp BospacTaHHu TeMMepaTypbI Bbile 37° mposomxKaer 
NOJHUMAaTbCA, KaK UH oO Toro. 
|  Temmepatypa oxolo 33—37°— aro cBoero pofa KpuTMyecKad TemmepaTypa: 
MO JOCTH2KeHHA STO TOUKH AKTHBHOCTb MH KHCOH, A uLeMOUHOM docdaTa3s yBe- 
VIMYHBaeTCA JOBOJIbHO PaBHOMePHO; MepeA STY TeMnepaTypy, KuCcsaa docia- 
lra3a y BCe€X HCC/I€QOBaHHbIX XKMBOTHBIX OOHAPyXuBaeT JaJbHeliliee H 3HadH- 
TeIbHOe YBeMYeHHe aKTHBHOCTH. TakHM OOpa30M, MoseKyJIbI KACO cocda- 
a3bl Coulee TepMocTaOHJIbHbI, 4YeM MOJIe- 
|KYIbI WeOUHOH cocdata3ut. Uy 
_ Pasupit xo TeMMmepaTypHbIxX KPHBbIX 
o6enx (poctbaTa3 HaxXOMUT cBOe BbIPaxkenue 


ju B pa3HbIX TeMMepaTypHbIX Kospbpbuuu- & 

WeHTaX 9THX AByx depmenTos. Temnepa- < 

iTYPHble KospPuuMeHTH KUCON dochatTasbr & 

Mosra y BCeX UCCJeNOBAaHHbIX BUJOB NO- & 450 

| 8BOHOUHBIX BbIlle, 4EM TeMMepaTypHble Ko- §& 

spPuuMeHTb! wWemnowHon cocdata3n. .S aS 
[qua Toro uToObl oxapakTepH30BaTb S425 

-KMCJyIO H UlenouHyto docdata3sy mMosra 7 

-M03BOHOUHbIX C TOUKM 3peHHA UX SHeEprHu 

aKTHBalMH, Mbl HCMOb30BaIH cpeHue 75 "jae. gx we 359 


BeJIMYHHbI AKTHBHOCTH (pocipaTa3 pH pa3- i Y,. fi 

HbIX TeMMepaTypax MO BCeM KJIaccaM M0- 

3BOHOUHBIX. B uHTepBasle TemMMepaTypbl OT Puc. 2. Queprua axTupatuu (1) menoy- 

10 no 37° ya menor cbocatasEI Momy- 2% (2) ¥ Kucnow (6) hochatas Mmosra 
MO3BOHOUHBIX: @— Ww = 7,900 r-Kau, 

YeHa BeJIMYHHa ZHEPHH aAKTHBaWMH No- 6 — » = 10,487 r-Kam 

pagka 8,000 r-Kan, Qian Kucnow cbocda- 

Ta3bl —nopagka 11,00 r-Kan. 

Tina Kucnonu dochatTasbl MOKHO TakxKe BOCMOb30BaTbCA HHTepBasiom 10— 
46°, uTO JlaeT TY 2Ke BeIMUHHY 2HEPrHu aKkTMBallun (puc. 2). 

IIpaimomHHetHblit xo KpuBbIxX (pHc. 2) sorapHiMa AaKTHBHOCTH, OTHeCeH- 
Horo K 1/T, noKa3bIBaeT, UTO HM KUCaA HM WemouHad coctaTa3bl CHM*KAal0T 9HEP- 
rMi0 aKTHBalM KaTasIM3HpyeMoH peaKUMH paBHOMepPHO B WIMPOKOM MHTepBase 
Temiepatyp. 

BelwuvHa 9HeEprav aKTHBalluu ABJIAeTCA KaueCTBCHHOM XapaKkTepucTHKOu 
cdbepmenTos. Ecau cyquTb M0 9STOMY MpH3Haky, TO CJlelyeT MPH3HaTb, YTO KUC- 
ad MW WelounHaa docdata3bl — pa3IMuHble PepMeHTHI. 

Meuee BbIcoKasd BEIMUNHA SHEP AKTHBAWM WIA peak, KaTamMsupye- 
MOH MleMOUHO doctaTaso0H, roBopuT O Sobel stdeKTHBHOCTH ZTOFO bepmMeHTa 
0 CpaBHeHHI0 C KHcMOH (pbocdaTa3soi. 

Bonbutaa acbtekTuBHOCTh WemouHOw ociatTasbl, WMTOMIasMaTHyecKaA ee 
NOKaNU3allUA, CBASb ee AKTHBHOCTH C BbICOTOH (YHKIMOHabHOrO pasBUTHA 
MO3POBbIX OOPa3OBaHHi, HaMBbICIad AKTHBHOCTb B (PUJIOTeHeTHYeCKH MOJObIX, 
BBICLUMX 0 (yHKUMA OTZeMax mosra (”, ®)—BCce STO NO3BOAeT AYMAaTb O TOM, 
yTO ULeMouHad boctbaTasa ABAeTCH (buoreHeTH4eCKH Oouee MOJOAbIM (epMeH- 
TOM, 4eM AMepHad KuCaA’ ocdata3a. 


Auctuty? dusuonorun um, VW. U1, Masnosa \(locrynH10 
Akaylemuu Hayk CCCP 6 IT 1959 
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Jloxnagm Akagemun wayx CCCP 
1959. Tom 126, Ne 3 


BHOXHMHA 


Uneu-Koppecnonzent AH CCCP B. ®. KYMPEBHY, M. M. TOJIJIEPBAX, 
E. H. MOWCEEBA, B. Ml. CABH4Y u T. A. WIEPBAKOBA 


HEKOTOPbIE JIAHHbIE O BHOJIOTHYECKOM AKTHBHOCTH 
rPYHTOB, NOUB H JIALIAMHAKOB BOCTOUHOM AHTAPKTHAbI 


Matepuasl, Mocsly2KHBIIMH OCHOBaHHeM Jd HaCTOAWeH paOoTH, Obl CoOpaH 
M. M. Toasep6axom, mpoBoquButmMmM GoTaHHyecKHe ucceqoBaHua B AHTapK- 
Tule B AHBape —Mapte 1957 r. B cocTaBe KOHTHHe€HTaJIbHOrO OTpAya Copet- 
CkOH aHTapKTHYeCKOH SKCMeAMUMN. 

PacTuTeIbHbId Mup AHTapKTHAbI OTIHGAeTCA PAJOM CBOeOOpPasHbIX YepT H 
claraeTCA B OCHOBHOM M3 BOJOpoceH, JIMWaHHHKOB MU MXOB. YCJIOBHA CYWLeCTBO- 
BaHHA 3THX pacTeHHii B AHTapKTHJe TakxKe CBOeOOpa3HbI HM UCKJIIOUHTebHO 
cyposbl. Ilostomy BbISCHeHHe CTeMeHH 2%XH3HEHHOCTH AHTAPKTHYeCKUX pacTeHul 
HM MHT€HCMBHOCTH UX OnOOrMYeCKOrO BO3JeHCTBHA Ha CyOcTpaT MpescTaBsAerT 
3HaUHTeJIbHbIM ~MHTepec. 

OHM H3 HanOoulee NpOCcTIX H JOCTYNHbIX MeTOJOB YCTaHOBJICHHA CyMMap- 
HOH OuvosOrHyecKOH AKTHBHOCTH MOUBLI ABJIAe€TCA ONpeseseHHe AKTHBHOCTH 
cojlep2kalluxca B Heli cbepMeHTosB ('). HeqaBHo Oblwia NoKa3aHa MpHMeHHMOCTb 
STOO MeTOa HW B OTHOLWEHHH JIMWanHMKoB (7). B HacTrosmlel padoTre coo6marwrTca 
NepBble pe3yJIbTaTbI HCCMeAOBaHHH, MpPOBeAeCHHLIX yKa3aHHbIM IyTeM B IWeAx 
XapaKTepHCcTHKM OnOOrM4YeCKOH AaKTHBHOCTH TPYHTOB, OYUB HW JIMMMAaiiAUKOB, 
CoOpaHHbIX B patiOHe OCHOBHOH Oa3bI CopeTcKol aHTapKTHYeCKOH SKCNeLMUMA — 
nocetka MypHpii. 

B npoOax rpyHToB MW NMOYB ONpeselAacb AKTHBHOCTb KaTasla3bl H MHBep- 
Ta3bI 10 MeTOsMKe, omucaHHOH B. ©. Kynpesuuem u T. A. Llep6axosoit (°). 
Bce mpo6si mpu cOope AoBoxunuch JO BOsyWIHO-cyxoro cocTrosHusA. Ompere- 
JIeHHA MpoBegzenp! 1O—15 VII 1957 r. 

SHauMTebHaA AKTHBHOCTh OO6OHX cbepMeHTOB OOHAapyxKeHa B Me/IKO3eMax, 
Ooulee WIM MeHee OoraTHIX BOJOpociamu (Tabu. 1). AKTHBHOCTh KaTala3bI U HH- 
BepTa3bl B mpo6ax NeNe 44 u 81, coOpanubix Ha 3alllMUeHHBIX yyacTKax cpequ 
CKaJl, IPHMepHO PpaBHa AaKTHBHOCTH 9THX (PePMEHTOB B TOP*AHO-OOIOTHBIX HIN 
MHHepaJIbHbIX JIYFOBbIX MOUBAX. CpaBHHTeJIbHO BbICOKaA AKTMBHOCTb KaTawlasbl 
HaOJlOJjalacb TaKxKe B MWIOTHOH, MbWIeBaTOH mouBe (mpo6a Ne 95), npoHusaHHoit 
NlepbAMH HW WyYXOM MMHIBHHOB. 

M3 uncna Apyrux mpo6 rpyHToB MH MOuB, B KOTOPHIX ONpelensacb aKTUB- 
HOCTb (PepMeCHTOB, H3BeECTHEIM HHTepec mpeyctrasasior NeNe 191 nu 263. Sto B 
OHOM CJlyuae TAXKEbIM CYPIMHOK C OTCIAaMBalollelica YepHOBaTOH MieHKO Ha 
MOBePXHOCTH H B APyrOM—COJIOHYAK, MeCTaMH C KOPKOM M COJIAHBIMM BbIILBeTaMH. 
AKTMBHOCTb KaTaJia3bl B NpoOax cocTapuia 21,8 u 15,1 cm; nuBepra3sa B 9THx 
mpoOax He OOHapy2KeHa. B Apyrux uccieoBaHHIX MpoOax aKTUBHOCTD (pep- 
MeHTOB JIMO0 He OOHapy2KeHa, HOO OHA COCTaB/AIa HeSHaYHTebHY!O BewH- 
UHHY, HepeXKO efBa BbIXOMAMLyIO 3a Mpesertbl BeEpOATHOM OWHOKH OMbITa. 

@MepMeHTaTHBHaA aKTMBHOCTb mpo6 NeNe 44 u 81 o6s3ana BOJOPOCIAM H 
MpOLyKTaM UX MKM3HeLeATeIbHOCTH. B nob3y STOFO TOBOpUT BEICOKHH TeMMe- 
paTypHbIt Koappuiuent Q,, MHBepTasbl mpoo, cocraprsioumul 1,96—2,0. Tem- 
NepaTypHEIM KosppulvenT Q,, UHBepTa3bl GakTepuli uv rpH6oB OOBMHO He mpe- 
BbuuaeT 1,5—1,6 
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davon; 


Buosorwueckad akTHBHOCTb rpyHToB wu Noyes Boctounod AnTapKTHAb 
((AKTHBHOCTh KaTasla3sbl B KyOMUeCKHX CaHTHMeTpax Oy 3a 2 MMH. Mpu 22°; aKkTMBHOCTb 
HHBepTa3bl B MUJIJIMrpaMMaX TOKO3bI Ha 1 YT MOYBLI 3a CyTKM Mpu 30°) 


TIpo6a Katanas3a| WuBeptasa 


O, Xacyaan Ha pefize Mupupiit, sanaqnupli cKn0n: 
TIpo6a Ne 44, Saujumennoe MecTo cpequ CKaw, BOMU38M MpecHoro o8epKa; MesKO- 


3eM, NPOHHSaHHbIM CHHeE3eeHBIMH BOAOpocasaMuH. 27 I 1957 r. 17,4 79,65 
Tipo6a Ne 81. YuacroK menKo3ema, S3allMUeHHbIt BLICTYNOM CKaJIbI; C MOBeEpXHOCTH 

MevIKHe YelyHKH 3emeHOH BOROpocau Prasiola. 30 I 1957 r. 21,2 92,49 
TIpo6a Ne 86. Jlom6una cpequ cKas; NATHA CyrMuHKa, CNerKa NMO3eNeHeBIUIHe OT 

Bomopocmeli. 30 [ 1957 r. | i 1,8 3,08 
TIpo6a Ne 95. flomuuna, 3auluujeHHasa OT BeTpa; OYeHb MMOTHAA NOUBa, ynpyraa : 

OT NPOHHSbIBaIOMUX ee NepbeB NMHTBHHOB, 30 I 1957 r. 9,2 4,53 


O. Xacy2 10, loro-3anagqHbli CKJION: 
TIpo6a Ne 111. Tlnockuii yuacroK 3a cKamou; cymecuaHaad BNaxKHaA Nouba Nog 
poccbinbio MesiKosema. 31 1 1957 r. 3,7 2,74 


O, Xacysnn, riaBHaa RomuHna, ReMAWlaA OCTPOB C 3anaya Ha BOCTOK: 
IIpo6a Ne 135. Haxsonupiii yyacroK y cKasibl; cyxoH KpPyMHOSepHUCTHIl MecoK. 
4 II 1957 r. 1,0 2,3 
| TIpo6a Ne 139. Ckanbl naw ROMUHOLI; NATHO TauHUCTOH pacTpecKaBmelica Ha mo- 
JIMPOHbI NOUBbI, YYTb NPHCbIMAHHOe MeJIKOSeEMOM, CpeqH KaMHell Ha KAaMe€HHOM 


mowe. 41 II 1957 r. 2,5 3,89 
TIpoda Ne 191. CKanbl Hag FOMUMHOH; TAKeNaA CyrMMHUCTAA MOACHIXaloulad MOU- 
Ba B BbIeMKe Cpegzu cKaw, 3 II 1957 r. 21,8 0,17 
Apxunesar XaligoxKamn, K ceBepy OT Oasuca Banrepa; 0-B y meqHHKa Pemenxyc: 
Tpo6a Ne 221. Baaxunrii cyrmuHoK Cpequ MOpeHHBIX OTOmeHUM. 10 II 1957 Tr. 1,0 1,07 
TIpo6a Ne 224, Brrxoqbl KOPeHHBIX MOPOA; NecoK B JOMKOHHE CpeAU CKau. 
MOT A957 1: Sy 1,15 


Oasuc Banrepa; cepepo-BocTouHad 4aCTb OCHOBHOTO MaCCHBa: 
IIpo6a Ne 263. O. Kamasor; 6ombm0 comOHUaK y BbICbIxalolWlero 3aMKHYTOPO CO- 


meHoro osepa. 14 II 1957 r. 15,4 0,73 
Iipo6a Ne 271. O. Uepnpli; cyrmuHucTbI MenKO3seM B JIOKOMHKe Cpequ CKag. 
melt 1957 Ts 2,0 0,63 


Oasuc Banrepa; OCHOBHOM MaCCHB, ROMHHA OOMbUIOTO pa3swJOMa: 
Iipo6a Ne 330. Taxespiit BraxKHbIii CyruIMHOK cpequ KaMHeli BOH3H OSepa. 


43 II 1957 r. 1,6 0,18 
TIpo6a Ne 508. Ilnorupii cyrmuHoK cpequ KaMHeli B CKaslax Hag JosmuHOn. 
28 II 1957 r. 1,6 0 


Oasuc Baurepa; 3anamqHada wacTb OCHOBHOrO MaCCHBa: 
IIpo6a 370. Bricokuh 6Geper o3epa; MATHO TAReMOrO CyrmuHKa NOX HaBHCAaIOWLHM 
CombuiuM KaMHem. 14 II 1957 r. 1,3 1,16 


Oasuc Banrepa; ueHTpasIbHadA YacCTb OCHOBHOTFO MaCCHBA: 
TiIpo6a Ne 404 Yuacrok cyxoro CyrJIuHKa C JlerKHMH BbINBeTaMH COsIelH B 2 KM 


K ceBepy oT ctaHuunH. 19 II 1957 r. 2,3 0 
IIpo6a Ne 430. Yuacrok ppixmo cynecH y OCHOBaHHA CKaJIbl BONM3SH CTAHIMH. 
20 II. 1957 r. 1,8 0,79 


Oasuc Banrepa; pation d@uopzow cepepHow uacTH OCHOBHOTO MaCCHBAa: 
Tipo6a Ne 481. Tlosyoctpos B paone 3anmuBa Muxania; SHauHTeJIbHbIe yYacTKH 
MCJIKO3EMAa Cpe CHJIbHO CrwaxKeHHbIx cKaJ. 25 II 1957 r. 4,5 0,31 


Oasuc Banrepa; BocTouHadA OKPavHa OCHOBHOFO MaCCHBa BAOb KPOMKH JIeEHUKO- 
Boro ULHTa: 
Tipo6a Ne 497. IlatHa cyramuuKa cpeyqu KamuHelt. 28 II 1957 r. 1,9 0,13 


Oasuc Banrepa; BbIxXOZbI CKaJI K 10T0-3anaqy OT OCHOBHOTO MacCcCHBa 3a JIEQHHKOM 
Cotta (SacHexKeHHbIll 0a3HC); 
Tipo6a No 438. IlatHo mecka cpequ Kamuen. 24 II 1957 r. 0,7 0,49 


Oasuc Banrepa; BbIxXOAbI CylH Ha CeBepo-ceBepo-sanaf OT OCHOBHOrO MaCCHBa 
3a JeqHHKOM OAucTO (Manpili oa3uc); 
TIpo6a Ne 545. Ocrpop ua wre Masoro oa3uca; BulaxKHbIii MeCOK Ha CeBeEPHOM 
ckyloHe ocrposa. 2 III 1957 r. 1,8 2,6 


Mopenupiii Bast 3a cKasamu Tpefic okono 15 KM kK tory OT oasuca Banrepa: 
TIpo6a Ne 469. YuacrKu necka cpeAv KpyNHbIX MOPeHHBIX OTIOKeHUN. 24 I] 1957 r. 0,4 0 


’ Peakuna pasviowenua H,O, B mpodax NeNe 191 u 263, BeposTHo, oOa3aHa 
HeopraHWyuecKHM KaTaJH3aTOpaM — COeCAMHEHHAM MapraHlla WIM 2Kese3a, BXO- 
JIALLMM B COCTAB YePHOBATOH NOBEPXHOCTH MWICHKM WIM COJI€BbIX BbIIBeTOB. 

Buicokan OvosOrH4ecKaAt AKTMBHOCTb H€KOTOPbIX MOBEPXHOCTHbIX OTJIO2Ke- 
Hui BAHTapKTHJe yKa3bIBaeT Ha HaIMYMe MOYBOOOPasOBaTEMbHbIX MPOIeccos. 
OTM Mpolleccbl, OAHaKO, MpHypoyeHb! K BeCbMa He3HaUHTeJIbHbIM, YKPbITbIM 
cKaslaMu mioulatKaM. B nofaBJstollleM OOJIbLIMHCTBe COOpaHHble C MOBepXHOCTH 
MIpoObl He HMeIOT MIPH3HakOB OHOMOrMYeCKOM AKTHBHOCTH, CBOMCTBeHHOM MouBe, 
WM MpefcTaBisoT coOoH pa3IW4uHble TpyHTHl. 
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&, 
Buouloruyeckad aKTHBHOCTb cyOcTpaTa, OOA3aHHaA BOJOPOCIAM MH Mpoxyk- 
TaM UX XKU3HeMeATeEMbHOCTH, OOHAPy2KeHa TONbKO Ha O. Xacy3JW, TOrAa Kak B 
oasuce Baurepa u mpyvuiexkawux’K HeMy palOHax, HeCMOTPA Ha IIMpoKoe pas- | 
BUTHE Ha3eMHBIX BOJOpocMeli M MOcTaTOUHO NoMHOe OOCEqOBaHHe TeppuTOpHy, © 
MOYUBOOOPaZOBaTeIbHbIe MPOWeCcbl YCTaHOBHTb He Yy/laJlOCb. OrsuuntTebHOn 
yepTol 0. Xacyd/JI ABJIAeTCA OObINOe KOIMYCCTBO OPraHHeCKHX BeulecTB, 
BHOCHMBIX B CYOCTPaT C MOMeTOM MOPCKHX IITHU, MiaBHbIM OOpasoM IIMHTBHHOB, 
B Macce FHe3AAWHXCA Ha ocTpoBe. OGOusMe OpraHuKH OlpefesAeT 30ecb MH cme- 
tudwyeckuii CocTaB BoOopocieli, B MepByI0 OYepeb HaM4He MACCOBBIX paspa- 
cTaHuli HUTPOHMbHEIX PopM—MacTHHYAaTOM seeHoH Bogopocu Prasiola u 
CHHeseNeHLIX BOLOpocael u3 nop. Oscillatoriales. B oasuce Banrepa, rye rHe3- 
JOBbA MMHTBUHOB OTCYTCTBYIOT, YKa3aHHBIX (POpM BOMOpoceH HeT, M Ha NOBepxX- 
HocTH cyOcTpaTa lpeoOlagaior cHHeseneHbIe Boopociu uz nop. Nostocales, 
pa3BHTHe KOTOpbIX He CBA3AHO C MpHcyTcCTBHeM B cyOcTpaTe as0TcofepxKallNx 
OpraHuyeckHXx BelllecTB. | 
Bce 9TO MpuBOMT K BHIBOLY, UTO B AHTapKTHJe MouBOOOpasoBaTeNbHble 
TIPOUeCChl BOSMOXKHbI TOMbKO Ha OCHOBe AOCTaTOUHOrO HaKOIJIeHHA opraHHue- 
CKHX BeleCTB, CO3,aBaeMbIX MOMeETOM MOPCKHX NTH. Opranuyeckue BelllecTBa, 
Co3aBaeMble TOJIbKO PaCTHTeIbHOCTHIO, WIA STOO HeMOCTATOUHbI, TAK KaK OHH 
pa3lararoTcd M BbIBETPHBAaIOTCA OblcTpee, YeM MOXKeT MATH Mpollecc UX HaKOM- | 
JIQHHA. i 
Jlua uccneqopaHuad cocTaBa H aKTHBHOCTH (bepMeHTOB Y JIMWMAaHHHKOB OBI 
B3ATbI WBa Bua — Neuropogon antarcticus (DR.) Savicz (=Usnea antarctica | 
DR.) u Neuropogon sulphureus (Koenig) Elenk. Oru TunuuHo KycrucTple mu- 
waiinuKku u3 cem. Usneaceae 6puiu coOpaup 31 Iu 3 II 1957 r. co cxano. Xa- 
cyauu (Ha pelime Mupuptiit), re OHH pacTyT B 3HAUHTeNbHbIX KONMYeCTBAX Ha 
cKaylaX B 3all[MULeCHHbIX OT BeTpa MecTax. Y HHX onpelleAMCb Kak BHYTPH- 
KIeTOUHbIe, TaK HU BHeKeTOUHbIe CepMeHTHI NO MeTOAMKe, ONMCaHHOM paHee 
(2, *). Y o60uxX BUOB AKTHBHOCTh (PepMeHTOB OKa3alaCb JOBOJIbHO 3HauHTedIb- 


HoH (TaOm. 2). Ta6auna 2 


AKTHBHOCTh BHYTPHKJICTOUHBIX H BHEKJIETOUHBIX (ePMCHTOB JMUAaMHHKOB 
3 ° 
Boctounoh Autapxtunpr (onpirbt 1958 r.: skcnosmuua 16 yac. mp 37°) 


5 a 
os sy 2 os 
agikey Weerabbs 2 sol S| seen 
Bug aumatinuxa | PUI bepmentow | g B ce} © iS oS aS = Z x 5 5 
5 oO 5 oO Gs} 3 x a ° s ° ° 
see) Be See elie S66 bee eo sae 
<x SI af 5B > < (a9) 4 = e) o & 
Neuropogon antar- | Buytpukserounpie|B++] ++ | (+)} + | (+)]} (4)} + | 4+4)4+4)/4++] +1040 
cticus (DR.) Sa- | Buexmerounpie B++)++)4+4+) + 7(4)) +) (4) ++! + = | —sikGe) 
vicz 
Neuropogon sul- | Buyrpukseroanpie|B++| ++ | (+) | (+)] (4+)} + }+4+}] +) — 1H} 4] —- 
Baur (Koenig) | Bex teTounnie B++] (+) | + +}(4)) + — jt+) — — pis, = 
enk. 
IIpumMeuauue, 3HaK — orcytcrsue jelicrBua cbepMeHTa; 3HaK (++) cwegb jelicT- 


BHA (epMeHTa; 3HaK + sABHOe JelicTBHe dbepMeHTa; 3HaK ++ BicoKad aKTHBHOCTb wep- 
MeHTa (cyOcTpaT mepepaOotan nowHocTbO); 3HaK B OGosHauaeT B-amuuazy. 


ConocTaBileHHe MOJYYeHHBIX JaHHbIX MOKa3bIBaeT, 4TO [Ba OM3KUX, HO 
PaSHbIX BUfla JIMWAMHHKa, pacTyUIMX Ha OJHOTHMHOM KaMeHUCTOM cy6cTpate, 
HECKOJIbKO pa3H4alOTCA MO cocTaBy (epMeHTOB HM Ooee 3HAUHTebHO — nO ux 
AKTMBHOCTH. Oro pasmMyuve cueLyer MpHnucaTh Npexse Bcero BHOBLIM OcObeH- 
HOCTAM CaMHX JIMUJaiHUKOB. 

B aumatunke N. antarcticus watiqenpt taxue ruApouuTHYeCKHe (PepMeHTHI, 
Kak B-aMMJlasa, MNBepTa3a HM Jlaxke Lesoa3a, MpH4eM BCe C BBICOKOL aKTHB- 
HOCTbIO (KPOMe BHYTPHKMeTOUHOM wWeNONasbI). Belcokyio aKTUBHOCTh MoKa- 
3aM y STOrO Bua HU OKHCIMTeIbHbIe PepMeHTHI. 

OOpasubl Apyroro Buya —N. sulphureus — rakxe colepxKaM BbIMeyKa3aH- 
HbIe THApPOJIMTHYeCKNe (bepMeHTHI, HO OHH MOKa3amu 3ecb MeHbIIYIO aKTHB- 
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octb. JlelicrBue BHeKNeTOUHOM HHBepTasbl HW BHYTPHKJeTOUHOL Wes003bI 

bWIO ef\Ba 3aMeTHbIM. M3 OKHCIHTeIbHEIX C(epMeHTOB y JaHHOro Bua JMWMal- 

WKa ObWia OOHapy2KeHa BbICOKaA AKTHBHOCTb TOJIbKO BHEKJICTOUHOH KaTawla3bl 
yMepeHHas — BHYTPUKeTOUHOH. 

Y oO00HX BHAOB B LeOM YMepeHHY!0  CaGyiO AKTHBHOCTh NoKa3zaulu JMXe- 
aza, ypea3a, aclaparina3a HM 3HMa3a, 3a UCKJIIOUCHHeEM BHYTPHKNeTOUHON 
N. sulphureus, Koropasd npoABHsa JOBONbHO BbICOKy10 aKTUBHOCTD. JlelicrBHe 
fMpO3HHasbl ObWIO e€Ba 3aMeTHBIM TOMbKO y N. antarcticus. 

Mmerouvecs B HallieM pachops.KeHHM JaHHbIe MOKa3bIBAalOT, UTO MO CocTaBy 
@PMEHTOB HCClesoBaHHble JMWaiHHkH u3 AHTAPKTHAbI B 3HAUMTeIbHOH Mepe 
XOJHbI C JIMWawHHKamH poya Usnea u3 HaliIMx CeBepHbIX JI€ECOB, HO aKTHB- 
OCTh STHX (PepMeHTOB y Moc/eHHX Oosee BbICOKaA. CylecTBeHHO Tak2Ke, YTO 
6a HCIbITAHHHIX BUJa JMilaiHuka UB AHTAPKTHYeCKUX YCOBHAX CoepxaIH 
CHHHOBY!O KHCJIOTY, BOOOLLe WHPOKO CBOHCTBeHHYIO JIHMINaHHHKaM M3 CeM. 
sneaceae. Tak, 43 oOpa3uos N. antarcticus 6biia BbijemeHa YCHHHOBaad KHC- 
oTa B KouMUecTBe OKONIO 1,84%, u3 OOpasuoB N. sulphureus —B KouMuecTBe 
Koo 1,65%. TlonyuenHad ycCHHHOBaxd KuCOoTa MiaBumacb npn 198—200°. 

Cka3aHHOe NO3BOUAeT 3AKJIIOUMTb, YTO B KpaliHe CypOBbIX ycoBHaxX AHTapk- 
HAbI MCMbITaHHble JMWanHHKU OOsaaioT WOcTaTOUHOH OMOJOrM4yeCKOH aKTHB- 
HOCTbIO, OOecreuHBalolleH UM HOPMAIbHOe TeYeHHe XMSHEHHEIX Mpollecco, 
oOpasoBaHHe M HaKalIMBaHve CBOMCTBeHHbIX HM XMMMYeCKHX BelllectB. [Lax 
6omee WHpOKHX OOoOuieHHH HeOOXOAUMbI asbHeHlIMe ucceqoBaHHA. 


BotanwyeckHu uuHcTHTyT uM. B. JI. Komapopa Tlocrynuao 
AkayzemMuH Hayk CCCP 26 III 1959 
Jla6opaTopuaA usHONOrHH H CHCTeMaTHKM HH3UIMX pacTeHHi 
Axayemuu uaykK CCCP 


IUTMPOBAHHAS JIMTEPATYPA 


TBM ODae Keyaln plemrnas ee (AH a 79 sano bow (1951): 25Bn- OD, VKty 1 piemmen ue 
E. H. Mouceesa, JIAH, 115, Ne 6 (1957). 2By 0. (Kayo pie Bea, dep Ace liter 
6ako08sa, H3p. AH BCCP, cep. 6uon., No 2 (1956). *E.H. Mouceesa, Bor. xypu., 
43, Ne 1 (1958). 


16 JAH, r. 126, N 3 684 


Jloxsane Akxagemun nayr CCCP 
1959. Tow 126, Nb 3 


MOP®OJIOLHA PACTEHHH 


r. Mf. BEJIOCTOKOB 


O MOP®OJIOTMHYECKON WMKJIMGHOCTH POCTA 
rOJMUHbIX MOBEFOB JPEBECHbIX PACTEHHHM 


(IIpedcmaerexno akademuxom B. H. Cyxaueeoim 28 II 1959) 


Visyyenue Mopdovlormyueckol CTpykKTYypb!l TOMMYHIX MOOeroB y APeBeCHbIX: 
pacTeHHii BbIABHJIO BaXXHYIO 3AKOHOMEPHOCTh, KOTOpad Bbipamkaerca B MOpdo- 


jloruyeckoH WuksMuHOcTH Ux pocta. Bce roguuHble noOeru pasHbIX NOpATKOB 
y cBOeroO OCHOBaHHA HMeIOT COJIMIKCHHbIC MEXTOY3/IUA, Ha CepesuHe NoOeroB 
OHH YBeIMUMBaIOTCA, a K BePXYIlKe ONATb YMeHbllaloTca. CoracHo TeopHu 
H. Il. Kpenuke (°), Takoe u3MeHeHHe JJIHHbI MeKAOY3IHH TOAMYHbIX MoOeroB 


OObACHAeTCH UX WHKIMYeCKHM CTapeHHeM HM OMOJIOXKeHHeM (MaJIBIN IWHKJ). | 
Hamu Ha6m10feHuA MU aHalH3 OJ bLIOrO KOJMYeCTBA TOAMYHbIX MOOeroB ApeBec- 


HbIX pacTeHuii He NOATBeEpAWJIH STO NOJOm*eHHe. 


B crpoeHuH YrofMyuHbIX NOOeroB JeHCTBHTeIbHO CYyUecTByeT M3MeHeHHe 


JJIMHbI M@KOY3HH TO THY OLHOBeEPLIMHHOH KPHBOH, HO STO IIPOMCXOMUMT He 
MO IIpH4YHHe CTapeHHA TOMMUHbIX NOOeroB B AX MaJIOM WHKIe pa3sBHTHA. Ito 


ABICHHE OOYCMOBJUBACTCA WMKJMUHOCTBIO (PYHKWMH KOHyca HapacTraHua m06e- | 


OB. 
Ilo6eru Bcex [peBeCHbIX pacTeHHH BHauasie HapacTalOT MOHOMOMabHO, HU 
He3aBHCHMO OT TOO, OTMHpaeT UX KOHYC HapacTaHHA WM HeT, WWIMHa MexjO- 
y3ulHH H3MeHAeTCA MO THMY OAHOBEPUWIMHHOM KPHBOM; BeplIMHa ee HaxOJMTCA 
He B cepefquHe moOeroB, a cMellleHa K MX Bepxyuikam. IloGeru aHepruyuHo pa- 
CTYT JO H3BeCTHOrO pelea, 3aTeM HaYMHaeTCA KPyTOH cial Mx poctTa c locwe- 
JLYIOUMM TIOJIHbIM TipekpallleHHeM B 3TOM BereTalHOHHOM MepHoge. B HOBOM 
BereTalHOHHOM MepHose HaunHaeTca HOBbI OypHbI pocr moOeroB, 3aTeM 3aTy- 
XaHue, HW Tak B TeyeHHe BCeH wKu3HM pacreHuH. Ilo H. Il. Kpenxe, kak ormeua- 
JIOCb, 3TO MpOHCXOJMT B CBA3H C MepMosMyecKHM CTapeHHeM M OMOJIO%KeHHeM 
KleTOK KOHyca HapacTaHud. Mbl BHAUM OObACHeHHe STOFO ABJICHHA B APyroM. 

Mopcosormueckad WHKIMYHOCTh pocTa, KOTOpad onpefllerneT Mopdomornye- 
CKYy!0 IMKJIMYHOCTh NoOeroB, NpOUCXOAUT NO NPHYMHe WHKIHYHOH LeaTenbHO- 
cTM KOHyca HapacTaHua noderos. LuKnuuHOcTh exATebHOCTH KOHYca Hapa- 
CTaHHA BbIZBaHa BCeM SKONOrO-cbuOreHeTHYeCKON UucTopueli MpeBecHbIX pacTe- 
HU WH MpeACTaB/AeT MPHCHOCOOMTebHYIO PeaKUMIO K BHeIIHHeM YCNOBMAM. 
Ocua6leHve ero AeATCIbHOCTH NPOHCXOAMT He NO MpHynHe nmepHosxMuecKoro 
CTapeHHA, a OOYCJIOBJIEHO BHEIMHUMU ycOBHAMH. Becb BHYTPH- H BHEMOUeUHBIi 
pocT noGeroB OMpefeAeTCA COOTBETCTBYIOWWMM pacripeseeHveM sTOrO mpomecca 
B TeyeHHe OMpesesIeHHOrO BpeMeHH. 

OOpasopaTebHat TKaHb YYTKO OTSbIBAeTCA Ha STH M3MeHEHHA, Nepectpau- 
Ba CBOIO JeATeJIbHOCTb B TeYeHHe BereTallMOHHOFO Mepuvosa, a BMecTe c Hell — 
M XapakTep OOpa3yIOWIMXcA a1eMeHTOB moOeroB. I]pH BeceHHem pocte no6eroB 
He MpOWCXOAMT UX OMOJIOXKEHHA, A TOJIbKO BHOBb BOSOOHOBJIAeTCA eaATeJb- 
HOCTh KOHyCa HapaCTaHHA, KOTOPad BHayase 3aMelANaCb M U3MeHAMaCch, a 
3aTeM COBepINeHHO MpepBaslacb HeOarONpMATHBIMA YCOBHAMH. 

TlepHowuuHocTh JeATeIbHOCTH KOHYCa HapacTaHuA MpoABAAeTCA He TOJIbKO 
B WHKIMUHOCTH pocTa TOAMUHBIX NOOeroB, HO TaKxKe B MOpdouloruyecKOM Xa- 
pakTepe OOpa3ylolluxcw MeTaMep, B Ka¥eCTBeHHOM MepHomwMuHocTu ux MOpqQov1o- 
ruyecKux YepT. HanOoubiiyio JeATeMbHOCTh KOHYyC HapacTaHua MposABser 
B KOHIe BeCHbI UM B NepBOH MOJIOBHHe JIeTa, HAMMeHBILYIO BO BTOpOH TONOBHHE 
jlera H oceHbio. Ho 9TO He 3Ha4HT, 4TO OHA BbIPaKaerca OOAB8aTeIbHO TIpH BHe- 
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MOYCUHOM Pa3BUTHM NOOeroB: Yale OHA HaGwOMaeTCH, HaNpoTHB, B MouKax 
jp BHeEMOYeCYHOM Pa3BHTHM OHA MpocTo HarssaqHee). EcsM WHKIMUHOCTD Jex- 
eIbHOCTH KOHYCa HapacTaHHA MpOABJIAeTCA BHYTPH NoueK, TO, no H. II. Kpen- 
€, OOpasoBaTeIbHad TKaHb CTapeeT yKe B MOUKAX, Yero B JeHCTBUTeMbHOCTH He 
advo aercs. 

Bo BpeMA pocta M pa3BHTHA TOMMUHBIX NOOeroB He MponcXoAUT WAKINYe- 
CKOPO CTapeHHA WIM OMOJIOXKeHHA, HO COBepliaeTcaA UX OOuLee cCTapeHne. YMeHb- 
e€HHe pa3MepOB TOAMYHBIX NoOeroB K MepucdbepHH KPOH Hesb3A OObACHUTD 
bauuM ux crapenuem. IIpu stom crekyer yUNTHIBATh 3AKOHOMePHOCTH apXUTekK- 
OHHKH [[peBecHbIX pacTeHul (4). YMeHbIeHHe pa3sMepoB TFoMUHBIX moOeroB 
He BCerla MpelcTaBseT coOol ocla6seHNe UX %KM3HEHHOFO NoTeHtMasa. CKo- 
pee OHO BbISBAHO (opMooOpasoBaTebHbIMH TPHYHHAaMH, COOTBeTCTBYIOULUMH 
IIpHCIOCOOHTeJIbHbIMH “ peaKUMAMM K OKpy2Kalollel cpelle. 

Kpeuke yTBepxaeT, ITO Nepexo moOeroB K IBeTeHHIO O3Ha¥aeT HakoTie- 
jHHe MaKCHMyMa IIpH3HakoB cTapeHua. Y fpeBecHbIxX pacTeHul He MpeslcTaB- 
| IA€TCA BOSMOXKHHIM NOATBEPAUTh STO MOORKeHve C NOMHbIM OCHOBaHHeM. M3y- 
‘YeHHe B3aMMOCBASH Me2KY POCTOM MH Pa3BHUTHeM BereTaTHBHbIX HM TeHepaTHB- 
|HBIX 0OeroB, a Take paciosloxKeHHA UX Ha MATePHHCKHX BeETBAX MO3BOVIAIOT 
BHIJeIHTh CuleqyroulMe clyuau: 

1) pacnojoxwenve reHepaTHBHbIX NoCeroB BBePpXy, a BereTaTHBHbIX BHH3Y 
(a60Ha); 

2) pacnouloxeHve reHepaTHBHBIX MOOerOB BHH3Y, a BeleTaTHBHbIX BBepXy 
(WJIbM HH3KHA); 

3) pacnoslomeHve reHepaTHBHbIX NOOeroB MexKy BereTaTHBHbIMH (HBa JlaH- 
IeTOJIMCTHAS); 

4) pacnoulomwkeHve reHepaTuBHbIX MoOeroB NO BCeH JWIHHe MaTepHHCKOH BeT- 
BH, a RefaTaTHBHbIe NOOerH 3aHHMaIOT BePXyleuHOe WeEHTPaJbHOe NoOOmeHHe 
(KJIGH ACCHeIMCTHBIM). 

Kak MO2KHO 3aMeTHTb, COOTHOWICHHE B pacIO/IOxKeHHH TeHePpaTHBHbIX UM Be- 
TeTaTHBHbIX NOGeroB oOMmpesesAeTCH MeHbUIe BCerO HaKONMJIeHHeM MaKCHMyMa 
CTapeHHA, HO B 9TOM Cyyuae UMeIOT OoulblIoe 3HAYeHMe OuOMOrN4ecKHe OCcObeH- 
HOCTH BHjla, XapaKTep UBeTeHHA HM OMbWwieHua. Hampumep, y WwJIbMa HU3KOrO, 
WBeTyulero Mo pacnycKaHuA JIMCTbeB, TeHepaTHBHble MoOern Bcerya pacnosa- 
TaloTcA HM2Ke BereTaTHBHbIX HW PacIlycKaloTCA paHbille MOcCeMHHX. 

TenepaTuBuble moOerM MOXKHO pa3JeHTb Ha TPM Tpynnbl: He cnelMalH3n- 
POBaHHble, CMellMau3HpOBaHHble, pe3KO CnellMaM3upoBaHuHble (°). Torgza mo 
Teopuu H. Il. KpeuxKe Bpixogut, 4To pe3Ko CrellvaslH3H pOBaHHble reHepaTHBHble 
To6erH O6alaioT HAMMeHbIUHM 2XKH3HEHHbIM MOTeHWMasIoM. Ha caMoM xe Jee 
Takada CilellMalH3alludA BbI3BaHa OCOOeCHHOCTAMH HapacTaHHA M BeTBJICHHA pa- 
cTeHuii. Pacrenua, oOsafaromine pe3sKo CnelMasIM3HpOBaHHbIMU TeHepaTHMBHbIMH 
moOeraMu, BCera HapacTaioT MOHONOMaJIbHO WH (OPMUPYIOT arxXKyPHble KPOHBT; 
PpacTeHHA, UMeIolIve HechelMalu3HpOBaHHble reHepaTHBHble MOOerm, HapacTalorT 
CHMNOJMaIbHO HW OOPa3syiOT IVIOTHBIC KPOHBI. 

CrpykTypHoe cTapeHve reHepaTMBHBIX H BereTaTHBHbIX MoOeroB ocylle- 
CTBJIACTCA MOCPeCTBOM KOPPeJATHBHBIX CBASEH C OMpPeeJICHHbIM BO3pacTOM 
pacrenul. Hamuune Tako cpa3u oTmMeyexo eute A. H. Bexerosnim (1, *). Y ape- 
BeCHbIX PaCTeHHM CyeCTBYeT TOJIbKO OHO MporpeccHBHOe cTapeHHe opraHos 
M wacTeli B OOJbIIOM IMKIe pa3BHTUA, KOTOPOMY COOTBETCTBYeT MepHoyuyeckoe 
OMOVJIOXKeHHe OMHOMMEHHBIX OPraHOB UH YacTelt. OTO BbIpamKaercA B WMKIMGeCKON 
cMeHe reHepaTMBHbIX HW BereTaTHBHbIX MOOerOB BHICIIMX NOPAAKOB, BereTaTHB- 
HbIX BeTBei H CYYbeB B TEYCHHE OHTOTeHe3a JIPCBeECHBIX pPacTeHHi. 

CmoueHcKu TrocyapcTBeHHBIi Toctynuao 
meqarorMuecKuH MHCTHTYT oeO5S 
IWHTHPOBAHHAS JIATEPATYPA 


1A. H. Bexeros, Kypx. Muu. napogu. upocs., org. 2 (1858). * A. H. Bexe- 
Tob, YueOuuk OoTanuky, u3y. 2, CII6, 1897.3 H. IT] Kpeuxke, Teopua wuksauyeckoro cta- 
peHus u omomoxenua pacrenuit, M., 1940. 4B. ®. Pasyopekulh, Anatomusa pacte- 
nui, M., 1949. 5H. F. Cepe6pxkos, Mopdhosorusa BereTaTHBHbIX OPraHOB BbICLIMX 
pactennu, M., 1952. 
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Jlokaayp Akagemun nayk CCCP 
1959, Tom 126, Ni 3 


@H3HOJOLH A PACTEHHAS 
A. ®. KAJIMHKEBHY u I. B. YJOBEHKO 


K BONMPOCY O BJIMAHMK YCJIOBHM NUTAHHA HA COJEP)KAHHE 
AMHHOKHCJIOT B PACTEHHAX 


(ITpedcmaeaexo axademuxom A. JI. Kypcanoeeim 25 II 1959) 


Tlocrynaroulu w3 MOUBbI! B KOpPHeBylO CHCTeMy pacTeHHH MMHepaJbHbIM 
a30T OYeHb ObICTPO CHHTesHpyeTcx B aMHHOKUCOTHI. [lepBoH aMHHOKHCJIOTOH, } 
oOpasyrolllelicA Mp 9TOM, ABJAeTCA aJlaHHH, a 3aTeEM JMKapOOHOBbIe KHCJIOTHI} 
(?). Jlanee B mpolleccax nepeaMMHHpOoBaHHA OOpasyoTca Apyrue, Oosee CMO 
Hbl€é AMMHOKHCJIOTE. B Hafj3eMHble OpraHbl (CTeOJIM, JIMCTbA) MPH HOPMaJIbHBIX| 
yCJIOBHAX, KaK lipaBHJIO, MOCTyMaeT He MHHePaJIbHbIM a30T, a a30T B Buse aMH-! 
HoKucuioT (7, 7). 3a cueT STHX AMHMHOKHCOT B JIMCTbAX MPOHCXOMMT CHHTeS Oes-' 
KOB. Ha o6pa30BaHHe OTJCJIbHbIX AMHHOKUCJIOT OKa3bIBaeT BJIMAHMe OOecreueH- § 
HOCTb pacTeHHii 3JIeMeHTaMH MHHepaJibHoro nMTaHHA. B pale ONbITOB NOKa3aHo, | 
4TO HefocTaToK (boctbopa CHH2KaeT COfep%KaHhe CBOOOAHBIX AMHHOKHCJIOT B pa-: 
cTeHuu (*), HeocTaTOK KaJIHA MOBbiliaeT UX CofepxaHue (4, *). Ilona BauaHueM 
xJlopa coJep»KaHve CBOOHBIX AMMHOKHCJIOT B pacTeHHAX yBesMuMBaeTca (’, §). 

OyHako HcclesoBaHve [WIA JaHHOM WesIM JIMCTbeB, Kak 3TO JemaeTca HeKoO- § 
TOPbIMH aBTopaMu (4, °), He Moxer B JOCTaTOUHOM CTeNeHH TOUHO XapakTepH- 
30BaTb H3MeCHEHHA MepBOHAYaJIbHOrO CHHTe€3a AMHHOKHCIOT. B MCTbaAX MPT, 
C OAHOM CTOPOHbI, HHTCHCHBHbIe MPOLMecchl MepeaMHHHPOBaHUA HU MesaMHHUpo- 
BaHHA, a C Apyrok, — Mpouecchl BKJIOUCHHA AMMHOKHCJIOT B OeKOBYIO MOVle- 
KyJy. HanOonee npaBubHbIM ObluIO Obl MPOBOAMTb UuCCIeqOBaHve Henocpel- | 
CTBEHHO MacokH. Ho ia Hac STOT MeTOR Ob MpakTHuecKH HeNPUMeHHM, Tak 
KaK OHO W3 pacTeHHH, C KOTOPbIM MbI paOoTasmH, — KOHOMIA — BbIenner 
OYe€Hb MaJIO MaCOKH, HeOOXOJMMOH MIA uCcCMeqOBaHHA. 

Tlostomy B CBOMX OMbiTax MbI 6pamH WIA ucceqoBaHUA cTeOH, HMeHHO 
HM 2KHIOIO HX YaCTb, COMepxKaHve B KOTOPOHM CBOOOMHbIX AMHHOKUCJIOT B H3BeCT- 
HOH CTelNeHH OTpaxKaeT CofepxwKaHve UX B KOPHAX (2). 

Halim uccreqoBaHiA MpOBOAMJINCh C OHOJOMHOM KOHOMVeli MC KyKypy3ol 
B YyCJIOBHAX BereTallMOHHOrO JOMHKa. 

Meroguxka. Onbit c OfHOJOMHOM KOHOMMeH MpOBozMICA Ha JepHOBO- 
NOASOMMCTOH, CPeMHECYFIMHUCTOH NOYBe, MpesBapHTeIbHO MPOM3BeCTKOBAaAHHOH 
fo NOHO rHApomMTMyecKow KucOTHOCTH. B KaxxkbIi cocy BHOCHOcCb nO 
5 kr mouBbl -+ 2,5 Kr KBaplesoro mecKa. Tlepex HaOuBkoii cocyfoB B TMOUBy 
Oplwio BHeceHO 110 0,283 r P2Os B Bue Ca(H2POa.)2 u no 0,657 r KoO Bp Bune KCI. 
TlonMB cocy0B MpousBosHJicA exeHEBHO JMCTHIAMPOBaHHOl BOLO Mo Becy 
no 60% or nono BiaroemxKoctu. Tloces Kononmm npousBenex 16 V. Jlononuu- 
TeJIbHO K IIMTATeJIbHbIM BeleCTBaM, BHEC€HHBIM JO MocesBa, co 2 VI no 10 VII 
B 4 NOAKOPMKH B Cocy{bI Obi0 BHeceHO: no 1,716 r asoTa B dopme, yKasaHHoti 
B CXeme ombiTa (Bce BapHaHThl); no 1,716 r cepst (BapuanT Ne 5); mo 1,928 r 
xmopa (BapnaHTst NeNe 3 u 4) u no 3,172 r KeO (Bapuaur Ne 3). Kpome toro, 
B KavecTBe OOmero (poHa M0 BCeM BapHaHTaM ObWIO BHeceHO M0 2,0 r P2Os B Bune 
Ca(H2POa),. 

Kykypysa (copta IInonepka Cepepa, pannecnenbili u K pacuogapcKui-47, 
CpeWHeno3 HHH) BbIpAalMBaylach Ha aHaOrMYHON MoyBe, HO 6e3 H3BeCTKOBaHHA. 
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B cocyfpl (cormacHo cxeMe onbiTa) BHOCH/Ocb No 2,0 r a3ora B Bue NHaNOs, 
1,0r. P2O; 8 Buse NopowKoBuyHoro cynepdocdara u 2,0 r K2O B Buge KCI. 
Tloces mpousBezen 12 VI. 

J{1f avanusa HCHOMb30BaNCb: Y KOHOMIN HMxKHHe 2/, creOIA, Y KYKYPY3bl 
jiBa HW2KHUX MexkoOy3IuA. Padota mpoBosNsach C KOHOMJe CO CBeEKHM MaTe- 
pvasioM, UKCHPOBaHHbIM KHNAWIMM 96% 9%THAOBLIM CIMpTOM B TeyeHHe 
20 MuH., a C KyKypy30i —ccyxuM MatTepvasiom. AMuHOKUCJOTH 3KCTparu- 
poBaucb W3 creOeli wecTbio nopiuamMH 75% cnupta. CuupToBow sKcTpaKT 
BbIMapWBaIcA Ha BOMAHOH OaHe, OCafOK pacTBOpssica B BOse, pacrBop 
Q@UJIBTPOBaJICA, BbINapMBasicaA BHOBb Ha OaHe OCyxa, H AMMHOKHCJIOTH pac- 
TBOPAIMCh B 1 MJ BOR, No_KucTeHHOH HCl. 

KomuuecTsenHoe ofpeyevieHHe AaMHHOKHCOT MpoBOM0Cb MeTOJOM xpo- 
MaTorpaduu Ha OyMare C HCIOMb3OBaHHeEM pacTBopHTeA H-OyTaHO — yKCvc- 
Had KMCOTa —BOJa B OOBeMHBIX OTHOWeHHAX 4: 1:1. Bymara —Ne 2 Jle- 
HuHrpaycKoh daOpuKu. Ha Oymary HaHocuiocb MuKponunerKow no 0,0171 — 
0,0285 ma (qu10 KoHOMIN) u 0,0234—0,0624 ma (41a KYKYPy3bl) pacTBopa aMuHo- 
KucoT. AMHHOKMCJOTEI pasroHaAMcb MyTem 5-KpaTHOrO MpomycKaHHA pacTBo- 
puTelA uepes Oymary c NocweyIOulMM CTeKaHWeM PacTBOpHTeaA c OymMarn Ha 
“TlocmeqHemM sTane SKCHO3uILHM B TeueHHe 5 Yac. (JIA pasqeeHMA HH2KHUX aMH- 
-HOKHCJIOT: alaHiHa, MpOIMHa, THPO3MHAa, TpunTodana, Y-aMMHOMaCAAHOM KUC- 
JOTI, BaJiHHa, PeHHJasaHuna, JIeHWMHa HW HOPJeHWHHAa) WH B TeyeHHe 80 uac. 
(4A pasyemeHHA BEPpXHUX AMHHOKHCJOT: UWHCTHHa, OPHUTMHAa, JM3MHa, ruCTH- 
jiuHa, acllaparMua, apruHuna, riioTaMHHa, acnaparMHOBOH uM TrHOTaMHHOBO 
KMCJIOT, CepHHa, TivuMHa u TpeoHuHa). Mgentudukallua aMHHOKHCOT MpoBo- 
jlacb Cc MomolulbIo MeruukosB. IIpoapBmeHue xpomatorpamM 0,5% pacTBopoM 
HMHIHApuna B alleroHe Cc Mocuexyiollel SKCNO3HUHeH B TeyeHve 36 4ac. B TeM- 
HOTe, IipH KOMHATHOH TemmepaType. 

Tak KaK C HHHTHAPHHOM pa3JIM4HbIe AMMHOKHCJOTHI LaloT pasJIM4HYIO OKpa- 
CKY —OT pO30BOH JO HHTeHCHBHO (uOseTOBOH, B 3aBHCHMOCTH OT MpHpospl 
AaMMHOKHCJIOTHI MW ee KONHUeCTBAa (YTO CHJIbHO 3aTPYAHAeT KOMMYeCTBEHHOE onpe- 
TieeHHe AMMHOKMCOT Ha KOJOPHMeTpe), TO XpOMaTOrpaMMb! 3aTeM OOpaOaTEI- 
BaJIMCb PaCTBOPOM a30THOKHCJIOH MeM B alleToHe (| MJ HaCbIeHHOrO pacTBopa 
Cu(NOs), B 100 ma atteroHa). C 9THM peaKTHBOM BCe AMMHOKHMCJIOTHI Ha MpOAB- 
JIGHHbIX HUHTHAPHHOM XpOMaTOrpaMMaXx JaloT OJHOTOHHYIO KpacHy!O OKpacky. 
OxpallleHHble MATHA AMHHOKUCJOT BbIPesaIHCb, H KPaCHTeb SKCTParMpoBaJicAa 
B MpoOupKax c 6 Mi MeTHMOBOrO CHupTa B TeYeHHE HECKOMbKUX YacoB. OnTHYe- 
CKaA MJIOTHOCTb PpaCTBOPOB H3Mepsacb MPOTHB KOHTPOA Ha MoOTOReKTPO- 
KOJIOPHMeTpe C CHHHM CBeTO*uIbTpoM (A = 420 Mu) B KioBeTax Cc paOouen 
TomuuHol 10 mm. CofepxxaHve aMMHOKHCJIOT B MpoOax BbIMHMCIAOCb M0 COOT- 
BeETCTBYIOWMM Kau6poBouHbim rpadukam. IIpn mocrpoenun KaIMOpOBOUHBIX 
TpauKOB CTaHapTHble PaCTBOPbl KaKJOM AMMHOKHCIOTEI XpomMaTorpadupo- 
BaJIMCb B TeX Ke YCJIOBHAX, YTO H MCMbITYeMble PaCTBOPHI, H TOUHO Tak Ke NOL- 
roTaBIMBalucb K (oToMerpupoBaHuio. IIpeycraBeHHble JaHHbIe ABJIAIOTCA 
cpeqHuMu u3 4 MapasuenbHbIX onpesesenuH. 

PesyabprarTu. B creOanx KoHONAN OblIM OOHAPyXKeHEI B CBOOOAHOM 
COCTOAHHH WMCTHH, OPHUTHH, JIM3HH, PHCTHIUH, acCMaparuy, aprMHuH, aciiapa- 
THHOBAaA HW TIOTAMMHOBaA KHCJIOTbI, CepHH, TIMUMH, aJlaHHH, MpoulMH, THpo- 
3HH, TpunTodaH, BasHH, (eHHJaaHHH, JeHWMH, HOpeHUHH u Hen JeHTupuLH- 
poBaHHad aMuHoKucnoTa c R;~ 0,4. OrcytcTByeT MOMHOCTbIO FOTaMHH. 
M3 cBoOo0JHBIX AMMHOKHCJIOT B KOJIMYCCTBEHHOM OTHOIMEHHH MIpeBasIMpytoT acia- 
parvHoBad KMCIOTAa, BalMH, (eHHalaHHH WM aMuy acnaparnu. 

UccneqopaHua moKa3aiu, TO XJOP HeCKOJIbKO YBeIMUNBaeT B CTeOMAX 
KOHOMIM OOllee CosepxaHve CBOGOMHbIX AMMHOKHCJIOT, a U3 OT/EJIbHbIX aMH- 
HOKMCJIOT —cCoflepxKaHue JIM3HHa, acaparMHOBOM KHCJIOTbI HM THPO3HHa. 

Ilpu ycusenuu Kanulinoro nmutanua (Tada. 1, Bapuanter NoNe 3 u 4) cofep- 
KaHve CBOOOAHBIX AMHHOKMCJIOT YBCMUMBaeTCA ellie Coble. XapakTepHO, 4TO 
yBeIMueHHe COJepxKaHUA CYMMbI AMMHOKMCIOT B CTeOMAX KOHONWIM NOX BUIMA- 
HHeM KaJIMA HeT 3a CUCT HEKOTOPHIX AMHMHOKUCIIOT, OOPasyIOWIMXCA Ha MePBbIX 
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Taoumunma 1 


Bausnve (opm ygoOpennli Ha cofepxKaHHe CBOOOJHEIX AMMHOKUCJOT B cTe6AX KOHOMM 
B MusuurpamMax Ha 100 r cpIporo Beca 


a ° fo 3 Bap. Ne4 Bap. Ne 5 
Cpo60qHaA aMUHOKHCIOTA Saree eR OH NELOH i KCl NETCI (NH2SO, 
I|uctTuH ++ 1ucTeHH cule Jbl HeT cule Jbl CMe bl cule bl 
OpHuTHH Cue AbI Cue BI 2,4 cue bl Ce bl 
JIusuu At cle bl 8,0 i2 4,4 
TucTHyquH eCTb HeT eCTb Ce Abi Ce bl 
Acnaparuu 4,9 HeT 8,3 Cue bl CE Jbl 
AprHHHi cule bi HeT cule [bl Cue TbI cue fb! 
ActaparnHopan Kucmora Dee (0) 23,0 3,8 8,1 
CepuH 0,6 0,3 OF3 0,2 0,5 
TaMuHn HeT HeT cule bl HeT Her 
TmoTamMuHopan KucuoTa 3,6 1,6 4,9 1E9 3,3 
X-aMHHOKUCIOTAa eCTb cue Jbl eCTb CJC TbI Cue bl 
Anayuuy (a + 8) 2,6 203 350 2,6 oo 
IIpomuu MHOrO HET cule bl HeT ecTb 
Tupo3nu HeT 7a, 5,3 6,7 CMe TbI 
Tpuntoay o,7 HeT CIE TbI CJIebI HeT 
Baauu + cbeHudiaiaHuH 17,6 4,3 Sell 4,9 13,5 
Jieiuy -+ Hopsmehiun 6,0 il 270. Pass B)4) 
Cymma cBo6oJHBIX aMuHOKHCcIOT | 90,4 14,7 66,9 23,4 36,4 


9Tanax CHHTe38a UX H3 MHHEPaJIbHOTO a30Ta — aJlaHHHa, acnaparuHoBon MW TJIiO-= | 


TaMHHOBOH KHCJIOT, a TaKKe 3a CueT JIM3HHAa, OPHHTHHA, THPO3HHa, BaJlMHa. 
CofepxkanHne JIpyrux aMHHOKUCIOT (cepHHa, JleHiMHa, TpunTodaHa HM WHCTHHA), 
OOpa3ylOlluxcA NoslHee MW TylaBHbIM OOpa30M 3a CueT TlepeaMHHMPOBaHHA JH- 
KapOOHOBbIX AMHHOKHCJIOT HM alaHHHa, WpaKTH4YecKH He H3MeHAeTCA OT ycuuie- 
HHA KaJIMMHOTO MHTaHHA. OAHOBPeMeHHO C STHM KaJIMH YBeJIMYMBaeT COMepxKa- 
Hue acllaparMHa, yCHJIMBaxA, MO-BHAMMOMYy, Hapsyly C CHHTe€30M AaMMHOKHCJIOT 
TakwKe H HX JesaMHHupoBaHHe. B TO xe BPeMA B JIMCTbAX KOHOMJIM, aHalH3 
KOTOPbIX MIPpOH3BOAMJICA a TOT 2Ke cpok (23 VII), B qaHHOM cmyuae OTMeyeHO 
yBemueHHe COJepxKaHHA OelKa C OJHOBPeMeCHHbIM CHWIKeHHeM COJep2xKaHHA 
CYMMbI CaXapOB, OCOOCHHO MOHOCaXapOB; KOJINYeCTBO %Ke PaCTBOPHMOrFO asoTa 
B JIMCTbAX MpakTH4¥eckH He H3MeHsAeTCA. Ilo-BHAMMOMY, 39TO yYKasbIBaeT Ha TO, 
YTO IIPHTeKaoulMe clofa U3 KOpHeH CBOOOJHbIe AMMHOKUCJIOTHI ObICTPO BOBJe- 
Kal0TCA B aJIbHeHIUHH CHHTe3, BKJIOUAIOTCA B OeJIKOBYIO MOJIeKYyJY. 

Cepa pH aMMvayHOM MvTaHHH (Tad. 1, BapnanTpt NeNe 2 u 5) yBenuunBaer 
B CTeOJIAX KOHOIMIH KOJIMUECTBO JIM3MHa, aCMlaparHHOBOM HM TIOTaMHHOBOM KUC- 
JIOT, alaHHHa, BaJluHa MU *eHHalaHuHa, a TaK2%Ke MH CYMMY CBOOOJHBIX aMMHO- 
KHCJIOT. 

B orauune oT uccleoBaHul, NpoBeeHHbIX LpyruMu apropamu (°*), Hamu 
OOHapyxKeHbl 3aMeTHbIe PasJIHYHA B COWepxKaHHH CBOGOHEIX AMMHOKMCJIOT 
B CTeOJIAX KOHOIWJIM pH HATPpaTHOM HM aMMHA4YHOM HCTOUHHKAaX a30THOTO MMTAa- 
Hua. Ilo nuTpaTamM HaGOmOJalocb yBeMYeHHe OOIero KONMUeCTBA AMHHOKHCJOT, 
B TlepBy!0 O¥epeb 3a CUeT BaNHa, (eHNJialaHHHa, TpuntTodana, M3HHa VV He- 
KOTOPBIX JIPyrHx. 

HccnenopaHua moKkaspipaior (ra. 1, Bapvanret NeNe 1, 2 wu 5) usBecTHoe 
TO*KMECTBO B COMe€p2KaHHH PAa aMMHOKUCOT NO HUTpaTaM u cyJbcbaTam — 
M3HHAa, BaJiHHa, PeHWJanannna UW WMKapOOHOBbIX aMHHOKUCJIOT, — pH Coxpa- 
HEHHH pa3JIHUHA NO COfepKanHiO APyrHX aAMHHOKMCIIOT B STHX BapMaHTax. 
Hs3pecTHblli NapasieM3M B KOJIMYeCTBEHHOM COMepxKAaHUH pala aMMHOKUCAOT 
B CTeOJIAX KOHOIMVJIM, BbIPallleHHOH No cybcharaM M HUTpaTaM, MosBoOuIAeT mpen- 
Nolaratb HEKOTOPYIO OOUHOCTb B Mpolecca@X BOCCTAaHOBJIeHHA B pacTeHHy 
CyJIbaTOB H HUTPaToOB. 

B creO1ax KYKypy3bl OOHAPY2KeHbI B CBOOOAHOM COCTOAHMH WMCTHH, JM3uH, 
acnaparuv, apruHHH, Til0oTaMHH, acMaparMHOBasA M TyllIOTaMHHOBAA KUCJOTHI, 
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C€pHH, TMIWIMH, TpeOHHH, &-anaHuH, B-amaHHH, THPO3MH, yY-aMHHOMaCAHAA 
KUCIOTA, BaIHH, JIeHWMH, HOPJeHWHH U HeEMAeEHTUPUMMPOBAHHaA AaMAMHOKUCJIOTAa 
c R; = 0,45. 

UcculeqoBaHus NOKa3a/in, YTO B KyKypy3e, KaK HM B KOHOMWe B Mpesbiqyuem 
OMbITe, Cofep%aHue CBOOOAHbIX AMHHOKHCJIOT B CTeOIAX BO BTOPOH MoOBHHeE 
BereTallMH CHJIbHO H3MeCHAeTCA B 3ABHCHMOCTH OT YCJIOBHM KaJIMMHOTO MMTAHHA. 
IIpu KaMHHOM romojaHHM cojlep2xkaHve BCeX AMMHOKUCJOT CHJIbHO CHM KAeTCA, 
a HeEKOTOPbIX H3 HHX He yaeTcA OOHAapyXUTb BooOrIe (Ta6l. 2). 


Ta6Onmuua 2 


BausHne Kanua Ha COJepxKanve CBOOOAHEIX AaMMHOKUCJIOT B CTeEOAX KYKYPy3bl 
B- MMduurpammMax Ha 100 r cyxoro BemlecTBa 


Panuecuesbii copt IInonepKa CpenHecnenpi copt 
CeBepa KpacuofapcKul-47 
CBo6o0qHaA AMMHOKHCIOTA 26 VII 9 IX 926 VIII 9 1X 

NPK NP NPK NP NPK NP NPK NP 
Iluctuu ++ wuctrenH 9 Her | cwegbr| HeT 4 HeT culemb | Her 
Jlusuu 19 Her | culeqpl| HeT 22 cnembl | cmeqpr | Ce nbI 
Acnaparun 71 caenp} 30 cnemn} 49 (183) > | cnegpr| HeT 
Aprunun HeT HeT HeT Her | CueqbI HeT HeT HeT 
T moTamMuH cep | ceqbI} Her cnempr}| 0,2 HeT HeT HeT 
AcnaparuHopan KucwJoTa HeT HeT | culegqbl] Her | ceqbI 24 cueybl | HeT 
Cepuy HeT HeT HeT HeT 16 ceybl | Her HeT 
Tanuuu 42 HeT 7 HeT 15 HeT HeT HeT 
Tmotamunopaa KucoTa 2) HeT | Cwleqbr| HeT } 19 Ong HeT HeT 
TpeouuH 3) HeT | cmembl] HeT HeT clegbl | HeT 
X-aMuHOKUCcsIOTAa HeT HeT HeT HeT HeT HeT HeT HeT 
0-alaHHH 54 26 32 9 90 SO 25 18 
8 -anaHuH HeT HeT | culeqbr| HeT HeT HeT HeT HeT 
TuposHH 10 HeT cep | HeT 42, HeT cmeybl | HeT 
Y-aMHHOMaCJIAHAaAA KUCMOTA 16 HeT | cmeqbi] HeT 44 cuembl | Ceqbl} HeT 
Baauu 10 HeT 5 cnemp| 20 20 Cle qbI | Cue ybI 
JletiuH ++ Hopseiunu cmeybl | Ce hI 3 caenpr| 10 14 cule yb | cue QbI 
CymMMa aMHHOKUCJOT 202 26 2 9 PEO PAN PML 1D) 25 18 


Kpome TOrO, OKa3aJIOCb, 4YTO TIO Mepe CTapeHuaA pacTeHHi KOJINYCCTBO CBO- 
OOJIHBIX AMHMHOKHCJIOT B CTeOJIHNX 3aMeETHO YMeHbIwaeTcH. 


Bcecot3Hbli HHCTHTyYT yOOpeHHii Tlocrynus0 
H arponouBopexeHHua 21 X 1958 
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PH3HOJOTHA PACTEHHH 


tO. B. PAKHTHH u A. A. IFOTAITOBA 


BJIMAHHE 2,4-7] W XJIOP-H®K HA TPAHCTIMPAILMIO 
HW HEKOTOPDIE KOJIJIOMHbIE CBOMCTBA TIPOTONMJIA3MbI 


(IIpedcmaeaeno axademuxom A. JI. Kypcanoseim 24 II 1959) 


YcraHoBleHo, uTO rep6uunAHble Wosbl 2,4-J. w HeKOTOPbIxX Apyrux XHMHUE- 
CKHX TpenapaTOB BBISbIRAIOT B PaCTCHHAX PAM CYIMeCTBeHHbIX HaPyUIeHHH. 
K HUM OTHOCHTCH pesKoe Ocua6senne cpoTocuHTesa (',?,*,"1), 3HAYHTE.IbHbIe CBU- 


Ta6aunma 1 


Teticrsue 2,4-], u xnop-M®K na tpancnu- 
paluio JIMCTbeB MOCOMHeYHHKA MH OBCA. 
(Pacrenua o6pa6oraH! B Bospacte 10 AHeli; 
onpefzeseHua Be Uepes 7 HEH Mocue OOpa- 


TM B HHTCHCHBHOCTH HW xapakTepe JBI | 
xanna (7,°,°), cyllecTReHHble H3MeCHEHHA 
B  yraeBogHom (°,'0,1%) y a30THCTOM | 
oOmeue (7,°,!”). | 

Uro KacaeTca BIMAHHA TepOuluszoB 
Ha TpaHcnupaluio H KOJJIOMDHBbIe CBOl- 


6orkH) CTBa MIpOTOMIa3MbI, TO CBELeHHA B STOH 

Fanti O6acTH OFpaHvUMBaIOTCA JIMIUb elH- 

neunux | OBec HHYHBIMH (bakTaMu H MpeqnomoO*KeHusA- 

Tep6unugy mu ('4-?2), xora H3yyeHHe STOO BOMpo- 

mr™| % |ur™| % ca, HeECOMHEHHO, JOJ2KHO CnOCO6CTBO- 

BaTb BbIACHEHHIO CYWIHOCTH (u3HOJOrH- 

DO een 10°4|'90,6 |19°3| 94 weckoro felicrBua repOunugos. ITpeg- 
134 mop HOK+49% on-7 |33°4| 73's |se8| 170 HOuaraercs (7), 70 AS Se 
2% xnop-HOKL8¢% O17 | 31°3| 7075 | *  2,4-JI, B-nHdomMyKcycHol, a-Hadruui- 


MaciiaHow KucnoT (0,01%) nmpoucxoguT 
aKTHBalMA JIMMa3; B pesybTaTe ux 
yCHJIeHHOH JeATeIbHOCTH MeHHAeTCA 
CTPyKTypa MpoOToMMa3Mbl, UTO HM Beer 
K MOBbILMeHHIO ee MpoHulaemoctu. He- 
aBHO BbIABuHyTa runoresa (*!,”*), uro gelicrBuve 2,4-J| B cTHMYsIMpy!OMlux Jo- 
38X CBA3aHO C NOHHKe€HH€M AKTHBHOCTH N€KTHHMCTHVSCTepasbl, B pesyuIbTaTe 
yerO H3MCHACTCA MPOHHIWAeMOCTb KJICTOUHBIX CTCHOK. 

B HacTosllel CTaTbe MbI COOOMaeM PesybTATbI CBOUX UccMeqOBaHUH (1953— 
1954 rr.) no BbIacHeHhIO JelicrBua 2,4-]I (HatpveBas cout) u xop-M®K (usonpo- 
MMOPBIK sup 3-x0penuskap6aMUMHOBOH KUCIOTHI) Ha TPaHCNMpauMio x 
BOJOYAEpKUBAIOWLy!O CMOCOOHOCTh JIMCTbeB, AaTaK2XKE Ha BASKOCTb H MpOHUIae- 
MOCTb MPOTOMIa3Mbl KJIeTOK pacTeHHH moscoHeuHuKa copta CapaToscKui, 
opca Mockoscxu A-315 u copHaka moxpuupi (Stellaria media). Yxa3anupie 
repOuluabl Opaiu B BHe XMMMUECKH 4MCTHIX MpenapaTos. Pactenusa BbIpaun- 
BaJIM B BereTalMOHHBIx Cocyax, re crporo nosLepxKUBaslacb OMMHAaKOBAA BulaxK- 
HOCTb NMOUBbI. PacTeHud ONPbICKHBaIM BOJHbIM pacTBopoM 2,4-JI u BogHoii 
aMysbcHeH xmop-M@K. TlocmegHee u3 sTux BellecTB UCNONb30BaIN AIA IIpH- 
POTOBI€HHA SMYJIbCHH B Bue Mpelapata, cofepxamero 20% yelicTByromero 
coequHeHua u 80% BcnomoratembHoro BemlectBa OJI-7. Pacrenua OlpbICKMBa- 
JM MPH MOMOUM py4HoroO TysbBepHsatopa u3 pacueta 2,54 ma pacTBopa uu 
IMYJIBCHH Ha cocyd (nowjagb cocyya 254 cm’). MurencugnoctTs Tpancnupalluyn 
onpegenanH m0 Metony Mpanopa. O BogoysepxKuBatonleli cnoco6HOCTH JuCTbEB 
CYAHJIH TO H3MCHEHHIO HX Beca Yepe3 30-MHHYTHBIC HHTePBaJIbI B TeyveHHe 4— 
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* VHTeHCHBHOCTh TpaHCNHpalluH BLIpaxkeHa 
3ecb B MHJIMTpaMMax BOJbIHarpaMM CBI- 
poro BemlecTBa 3a 6 muH. 


5 aac. Baskocrb mporonma3Mbl ONpeseAM nasMomUTHUeCKUM WeuTpudyx- 
HbIM MeToqamu. IIpoHMtaemoctb mporonnasMbl yuuTEIBalu m0 ee 3JIEKTPOMpo- 
BOWHOCTH Ha mpHOope ILHMWJIKUWH, mpenctapastourem coboit BHJOM3MeHeHHBI 
mocTHK Kosbpaylla; MpHHuMasocb, ¥TO ¥em GombUIe IEKTPOMPOBOHOCTb, TEM 
BbILWe MpOHHWaemocrh. 

Kak BuqHO u3 Ta6n. 1, y O6paboTaHHBIx pacrenuii NO_COMHeUHUKA UNTeHCHB- 
(HOCTh TPaHCNMpalMH MOHMKaeTCA, OCOOeHHO NOX BANAHMeM xu0p-MOK; na- 
(HOOJbIIMM H3MCHEHHAM IPH 9TOM NoOsBepratores sHCTHA BepxHero spyca; m0 
CPaBHeHHIO C KOHTPOWIbHBIMM JIMCTbAMH OHH 3a TakKOe 2%Ke BPeMA HCMapsIOT 
MOUTH BABOe MeHbINe BOAbI. Pactenua OBca pearupylor Ha oOpasoTrky uHaue: 
ecu 2,4-J TakxKe BbI3bIBaeT y HHX OC- 
| aOeHHe TpaHcnupawun, To x0p-UOK, Ta6auua 2 
| HallpOTHB, 3HaUNTeIbHO “yCHJIMBaeT e€@. — J[olictane 2,4-, u xnop-H®K wa sogo- 
Xnop-MMK 6onee sem B 1,5 paga MOBBI- yzepxuBaloulyio cnoco6HocTh MCTHEB nod- 
miaeT ucnapeHue BOLI H y pacTreHuii ClHeuHMKa H opca. (Pactenusn oOpadotanbI 


B Bospacte 10 qHeli; ompezenenus Benn 
bl - - a ee 
| MOKPBULBI, IpuyeM OII-7 okas3pipaer nou uepes 7 2Hek mocae o6pa6orku) 
TH TO 2Ke JeHCTBHE. 


OnpexeseHua NoKa3aH,aTO Mpolent Mogcon- | Go 
cyxoro BelleCcTBa B JIMCTbAX OOpa6o- sede eee 
i 8 UW 
‘TaHHbIX pacTeHuil cubHO Koue6neTCA. jae ee PA Nae itees 
Ec.iv Cyxoli Bec KOHTPOJIbHbIX 9K3eMILIA- 
pOB IPHHATb 3a 100, TO y MoO;bIx pac- contboNe 158,0/100 _ | 455,3| 4100 
TeHHU NOAcOMHeUHHKa Ha 10 FeHb Moce 0,075% 2,4-71 112,0] 71,0 | 193,8] 124,7 
0,15% 2,4-J1 96,5| 61,0 
oOpaoorKH ux 2,4-J] on cocraBiaeT 68, 1% Xnop-HoK-+4% OT1-7 | 10470] 6578 | 295,9| 190,0 


a Ip OOpaoorke x10p-MU@K 82. Y opca 2% xaop-HOK+8% OM1-7 | 126,0] 79,7 | 336,0| 216,41 
TOrO *Ke BO3pacTa NO BIMAHHeM 2,4-], —W——— 

cyxOH Bec NOUTH He H3MeHAeTCA, MOL * Tlorepx Bomb BbIpaxkeHa 3eCb B 
BJIMSAHHeM Ke xsop-H®K OH BO3pacTaeT Moin Ha TrpaMM cbIporo Bellie- 
Gomee uem B 2,5 pasa. 3amerum, uto “74 $4 * "AC. 

HMHTCHCHBHOCTh TpaHcnupaluu y TakUx 

pacTeHuii 3HauMIembHO MoBbINeHa (Ta6I. 1). IlogoOHoe yBeuMyeHHe cyxoro 
BeCa MIPOHCXOMMT He 3a CueT HaKOMeHHA OPaHM4YecKO Maccbl (O ¥eM CBuse- 
TeIbCTBYeT MOUTH MOHad MpuOcTaHOBKa POcTa TaKUX PacTeHHli), a 3a CueT 
CHJIbHOFO UX NOABARAHUA; ECTeCTBeHHO, YTO COMepwKaHwe BMarH B JIMCTbAX 
STUX PaCTeHHH 3HAUMTeIbHO HWXKe, YEM Y KOHTPOJIbHBIX PaCTeHHH, a OCTAB- 
Wasica Bara B MOBpexKAeHHbIX TKAHAX cabee HMM yAepxuBaeTcA. 

B cayyae BosfeticrBua 2,4-J] y mucibeB MOCOMHeYHMKa MOTepA Baru 
na 30—40% MenbuIe, ueM y TaKMX %Ke JMCTbEB KOHTpOMA (Tabs. 2). 
Y JsHCTbe3 ORCA NOTepA Bar NO CpaBHEHHIO C KOHTPOJIEM HECKOJIbKO BO3- 
pactaer. ; 

3ameruM, 4TO JIHCTbA NOJCOHeYHHKa B pesyibTaTe WevicTBua 2,4-]J craHo- 
BATCA GoNee YTOJIWECHHEIMH u Gosee MacucTbimMu. MoxerT ObITb, 3TO OOCTOATEIb- 
CTBO B KakOli-TO Mepe HM OGYCMOBIMBaeT MeHbILy!O moTeploO BOE. Y pacrennii 
oBca Nok BaHAHHeM x0p-MIMK BogoymepxuBalOllaA CMOCOOHOCTh JIHCTbeB 
CHJIbHO OCa6JIAeTCS, HU TEM CHJIbHee, ¥eEM BbIllle JO3a MpellapaTa, HallpuMep, 
xmop-H®K (2%) spisbipaeT y STHX pacTeHHl MoTeplO BOA BABOe OOMbULYIO, 
yeM Y KOHTPOJIbHbIX pacTeHu. Takum o0pa3om, xsop-M®K pesko noHwxKaeT 
y OBCa CMOCOGHOCTh yepKUBAaTh} Mary, OTUeETO NOCMEMHAA CHIbHO UCMapsAeTCA, 
WM pacTreHHA 3aCbIxalor. 

’ Conocrapnenue jelicrsua 2,4-J] u xnop-M@K noka3pipaeT, YTO XOTA y pa- 
cTeHuli nogxcomHeaHuKa 2,4-J] BbI3bIBaeT MO CpaBHEHHIO C KOHTPOJIEM 3HadH- 
TebHO MCHbLIVIO MoTepio BOsb, a y oBca x0p-OK — sHauutTenbHO Oomb- 
y!O, B KOH€YHOM cyueTe HW Te M Apyrue pacreHuA morMoaror. 

Kak noka3aiM Halu ompeyeieHusd, y MOJIOMbIX PacTeHHM NMOACOHeUHHKA 
Ha 2 eHb mocule o6pa6orKku ux 0,25% pacrBopom 2,4-]| BASKOCTb MpOTOMa3Mbl 
HeCKOJbKO NoHWxKaeTcs. C yBeMYeHHeM O3bI TepOuMHa BUBOe BASKOCTS CHH- 
*KaeTCA M0 CpaBHeHHIO C KOHTpOJeM Ha 20%,a B JIMCTbAX C U3MCHCHHOM cbopmoit 
(yTOJIMeHHEIM uepellioK, MACHCTad JIMCTOBaA myiacTHHKa) tmpenapaT B jo3e 
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0,25% cHWKaeT BASKOCTb Ha 30—40%. IIpu o6paboTKe pacTeHHu ieee | 
B 6olee NOSHHe CPOKH U3MeHeHHe STOFO NOKasaTesA HE HaO.mo0yaercs. MeH | 
Wad BA3KOCTb MpoTonmasMbl, 2,4-J[ oMHOBpeMeHHO NOBPIMAaCT Ce MPOHHIAeMOCTh. 1 
Y vex JIMCTbeB NOLCOMHeYHUKAa, KOTOPHIe NOM BMAHHEM 2,4-]] BbIpacTaioT Med 
KUMH, HO CUbHO YTOMUCHHbIMU, MPOHHIaeMOCTb NpOTOMa3sMbl OKa3bIBaeTCa | 
MOBbINeHHOH . (Tad. 3). AHamH3br 
Ta6Oauna 3 moKa3biBalor, uTo ecuu 2,4-]| HesHauHe | 

Tleiictsue 2,4-J| u xaop-M®K ua mpoun- TeJIbHO HapyliiaeT MPOHHWaeMOCTh KJIe- . 
WaeMOcTb MpoToMMasMbl MOACOWHeYHHKa KH TOK TOJIbKO Y NOACOJIHCUHHKA, TO XJIOP= I 
OBCa B MpOWeHTax *, (PacTeHua o6padoraHbl UOK HaMHOrTO MOBbillaeT ee H y MOL t 
ui Gt a ae comHeuHukKa, HM y OBCa, HK Y MOKPHIbI | 
(ocoGeHHO y AByX MOcJeqHHX pacreHuh). | 


oA ‘I 
Se 3 Y opca U MOKpHubl, O6padoTaHHbx § 
ays Papen 5 xmop-U@K, npoHullaeMoctb BospactaeT 
Bo ° < 7 
as e213 8B 10—18 paz (ta6n. 4); Ol-7 oka3pieg 
{se} vo 

a's K £=| 6  paer nourm Takoe xe JelicrBue. Crelo- ¥ 
» BaTebHO, Ha MPOHHMAaeMOCTh MpOTO- j 

20) cee, eal 10 it) © Mla3MbI KJIETOK MOJCOHEUHHKa M OBCa 
foe ene bK-L4% O17 iM | 97 xmop-M@K xelictByer BeCbMa Pas HUHO. § 

2% xnop-U@K+8% OM-7 169 | 104  K sTomy caelyet 20OaBuTb, 4TO NOcIe 
8 | Koutpomp 1o0| 400  BO3ReicTBHa xno0p-M®K y nogcomHey- | 
Ge ek 10L | 95  HMKa MPOHMUAeMOCTh MpOTOMMasMbl CO | 
1% xnop-HoK+4% OI-7 113 | 469  BP€Me€HeM IIPHXOJ\KT K HOpMe, a y OBCAa, | 
USSU Sg HOR Tl ie HaNpOTHB, MOBbIMAeTCA elle OOJIbUUIE; ' 

oH meee is pacTeHHA OBCa BMOCeACTBUU MOrHOator. 
? aa } 
2% xnop-HBK+8% OM-7 96 TO CBRHJETeEbCTBYe€T O TOM, YTO pac- |} 


TeHHEM TMOJCOJHEUHHKa TOKCHYeCKOE | 

* 3necb u B Ta6n. 4 MpoHMnaemocr,  AeHCTBHe repOullufa NocTeneHHO mpeo- | 
olpeyeialach BeJIMYHHOH yembHOH aueKT- JOJIEBAeTCH, a yY OBCa OHO BBI3bIBACT 
pompoBosHocTH. HenoMmpaBuMoe OTPaBJeHHe, 3aBepLiato- 

< uleecad rHOebIO pacTeHHH. 

Vrax, mpenapat 2,4-J. sHayutenbHo ocna6iaet Tpancnupaliuto uy nOsCoN- | 
He4uHHKa, HW y OBCa, a Mpenapat xop-MMK cuvxKaeT HHTCHCHBHOCTh TPaHcnH- 
pallHM y NOACOIHeYHHKa HW pe3kO NoppliuaeT ee y oBca. OGa npenapata BbI3bI- 


Ta6Oauna 4 


Hetctsue 2,4-]1, xnop-M®K u OTI-7 na nponunaemocts NpoTromma3sMbl NOMCOMHeyHuKa, 
MOKPHIbI M OBCa B Mpolentax. (Bpema nocae oOpa6oTKu 7 AHelt) 


pe £68 

Be a8 Tep6uuuabl H KOHIeH- © aR es Tep6uuu - : is 

; Se : S 5 n§ E|E Abt H KonWeRTpa- | & S 

ae 8 Tpaluu UX pacTBOpoOB De S , aS 2 WHH UX PacTBOpOB S e. 8 

gees e2| 2| 8 |gb8e ce| 2} 6 

ee ee er 
liege gli) lime! | de 

2% xnop-HoK+48% OM-7 | 167 [1024 |1898 FG ale oa 


BalOoT YBeJIMYCHHeE BOAOYLepKuUBalouleh cmocoOHOCTH y pacTeHH noxcomneu- 
HuKa; xo0p-(4OK, B mpoTuBonosoxHocTh 2,4-J], BbIsbIBaeT CHIbHOe OCMabue- 
HH€ STOFO CBOLCTBa y pacTeHuii opca. [log BaruaHnenm 2,4-J] BasKocT mporToma3- 
MbI y NOACOIHCUHUKA NOHW2KaeTCA TEM CHJIbHee, YEM MOJIOXKe PacTeHHe u BbIE 
no3a mpenapata. Xnop- MOK, B ormnuue or 2,4-J1, cuibHO NOBBIUAeT NpOHHilae- 
MOCTb MIPOTONa3MbI Y MOACOIHEUHMKa, MOKPHUbIl H OCOGeHHO y oBca. CeseK- 
THBHOCTh JeHCTBHA TepOuuuAHEIxX 703 2,4-], u xnop-MO®K Bs wamux onpirax 
XaPakTePHSOBaaCh TEM, YTO HAaPYIeHHA, BbISbIBaemble 2,4-]T y oBca H xsOp- 
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MOK y nogcomHeyHuKka, OKa3bIBalOTCA OOpaTHMbIMH, TOra KaK HapylleHua, 


| BBISbIBaemble 2,4-]T y moycoHeuHHKa Hu xs0p-M@®K y osca, He mpeogouesator- 
Ca, HW pacreHus nornOator. 


Hinaye ropops, CeleKTHBHOCTh JelCTBMA HCMbITAHHBIX MpenapaToB obyc- 


JOBIeHa TEM, YTO B YCTOHUMBbIX K TepOHWHAy PpacTeHHaAx TOKCMUHOCTh repbu- 


Wa Mpeosouepaetcs, a B HCYCTOMYMBbIX OHA BLISLIBAeT HEOOPaTHMble paccTpoli- 
CTBa 2KH3HEeATEJIbHOCTH. 


MuctutyT dusuonoruu pacTenuit Tloctynuao 
um. K. A. Tumups3epa 23 II 1959 
Akayemuu HayK CCCP 
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PH3HOJIOTHA 


B. T. KACCHJIb, A. Mz. YIOJIEB 
MW 4ieH-Koppecnonjzent AH CCCP B. H. YEPHHFOBCKHA 


PELLENUMA KEJIYAKA WM PEFYJAWLMA MMLEBOrO 
MOBEJEHHWA Y COBAK 


HakonsleHHble K HaCTOALLeMy BPe€MeHH (PaKTbI MO3BOIAIOT CUHTATb, YTO U3- 
ObITOK WIM HeMOcTaTOK pa3JIMUHbIX BelleCTB BO BHYTPeHHeH cpefle OpraHH3ma 
MOxXKeT OKa3bIBaTb clelluduyeckoe BUIMAHHe Ha TaKYy!0 CJIOXKHY!IO MOBeweHue- 
CKYIO peaKI[HIO Kak BbIOOP MHULeBbIX BellecTB. 

B CBA3H C 3THM CTAHOBHTCAH HaCTOATeIbHO HeEOOXOJMMbIM M3y4¥eHHe Mexa- 
HH3MOB, OOeCHeyHBaIOWINX MOLOOHOTO pola BJIMAHHA. 

Umeetca pxjl HaOm0seHui, MoKa3sbIBalOUlMX, YTO OCMOPelleNMUMA, a BOSMOK- 
HO, HM PpellenWuA pa3IH4HbIX OPpraHHyecKHX M HeOPpraHHyeCKHX KOMMOHECHTOB 
KPOBH OCYI[eCTBIAIOTCA KapOTHAHbIMH KyOouKaMH. MoxkHO yMaTb, OJHaKO, 
UTO XHMHUeECKHM aHaJIM3 BelleCTB, NMOCTYNMBIIMX B OpraHH3M, TMpOwCxXOLUT 
elle paHee, yxKe B MMMLeBapHTeJIbHOM TpakTe, T. €. JO TOTO, KaK OHH Moma- 
jaioT B KpoBb. O6 92TOM CBHJeTENbCTBYIOT 9JeCKTPOPUsHOMOrMYuecKHe 
uccyefoBanua B. E. Jtenoga u corp. (1), O. H. Samarunon (%), A. Mrro (4), 
A. Tleturana (°) u ap. 

B cBxa3H C 9THM MbI MOMbITaINCb BbIACHATbh BOSMOXHOCTb cCMeluduyeckux 
peJICKTOPHbIX BJIMAHHH C HHTePOMeNTOPOB MMUeBaPHTeIbHOH CHCTeMbI BbIC- 
UIMX %KHBOTHBIX Ha HX MMIeBoe NoBeleHHe. 

MetoAu xa. Boo nocraBleno oKoo 250 onbirop Ha 8 coOakax c dbu- 
cryoH *KelyqKa. Onpirbl NpoBosMJIMcb B 3BYKOHeEMPpOHMMaeMolt KaMepe WH 
B H30JIMPOBaHHOH KOoMHaTe. Ha cTanke mepey coOakolt cTOANa 3aKPbITad KPbIlll- 
KOH KOpMylika c 4—8 yamkamu. B  ualiku HaiHBanocb no 15 Ma pacrsBo- 
PpOB, COJepXKaBIUHX OMMHAKOBbIC KOJIMYeCTBA MOIOKa, HO pa3JIMUHbIe KOHILCHT- 
palluu nmopapeHHow coud. Ilepeq Kamo mpo6ol KpbillKa OTKpbIBaslacb, u 
coOaka HMeJla BO3MOXKHOCTb BbIOHPaTb MOJIOUHO-coseBble pacTBopHl. Bpimurpie 
PaCTBOPbI BbIIMBaIMCb Yepe3 OTKPbITYIO Ha BPeMA OMbITa *ucTyy x*xeyAKa. 
AxT JlakaHua perucrpuposasca rpaduyecku. Tlocne kaxkgol mpoOnl xemnyoK 
MpOMBIBaJICA Teo BOOM. 

Buayalle Win Kako coOaku ycTaHaBJMBalaCb KOHIeHTPpalua COM B MO- 
JOKE, BbILIe KOTOPOH 2KHBOTHOE OTKASbIBaJIOCb OT MOJIOUHO-COeBbIX PaCTBOPOB. 
Jaa paOorbi orOupanuch coOaku, Y KOTOpbIX MpeeMbHaA KOHIeHTpallua BbI- 
Oupaemoro pacTBopa cTaOWJIbHO yepxXUBalacb Ha OMHOM M TOM xe ypoBHe 
B TeUeHHE JVIMTeIbHOFO BPeMeHH MIpH COO/MOAeCHHN eAMHOOOpa3sHA YCJIOBUH OMbITAa. 

IIpoOnt cileqoBain uepes pasHbie MpOMExyTKH BpeMeHU (OOBIUHO oT 5 TO 
15 muu.). B KaxxomM ombire Mocsle HeCKOJbKUX MpesBapHTebHBIX po6 B 2xe- 
JYQOK Yepes ucTysy He3aMeTHO JIA 2%UBOTHOTO BBOAUU 300—500 maz BOJIbI, 
PacTBOPOB XJIOPHCTOrO HaTPUA, CaxXapoO3bl, TOKO3bI HM Mp., HM oOcTaBIANIM Ux 
TaM Ha HekoTopoe Bpems (oT 3 MuH. Jo | uaca). Uepe3 He6ombutue MHTepBaJbl 
BpemeHH (OOprdHO 3, 5, 10, 15, 20 Muu.) nocme BBeAeHUA B KEMYIOK STHX pacTBo- 
POB *KHBOTHOMY BHOBb MpefWlarav OOBMHbI BHIOOP MOMOUHO-COMeBEIX PacTBO- 
poB. SaTeM %eyAOK ONOPORHAIH, THaTeMbHO MpoMBIBaNM TenvIOli BOJOH HU 
CHOBa MIpoBepsAIM peakUHIO BbIOOpa. 
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PesyabTaTb. Kak npaBuno, yxke B nepBbiX OMbITaX X2KHBOTHDIe Ha- 
UHHAaIM OTKa3bIBAaTbCA OT HaHOoJIee BbICOKHX KOHIUeHTPallMit COM B MOOKe. 
Jl Karo coOakn npeyeibHad KOHWeHTpalluaA Obia HHIMBUyasIbHow (uate 
BCerO BBICIUHMH OblM 3,5—5% pacTBopbl xJopucToro HaTpus). O6nMHO xKH- 
BOTHBI€ BbIMMBaIM PaCTBOPbl B NOPAAKe BO3PacTaHHA CoepxKaHHA cos. 

YxKe B MepBbili nepHo padorbl OblwIo ycTaHOBMeHO, YTO BCWIek 3a BBELeHHeM 
B xeyoK 300—500 ma runepronuueckoro pacTBopa xslopucToro HaTpHA 
(3—5%) numleBant peakttua usmMeunetcs. Ha6molaica oTka3 oT OJ\HOrO, 
ABYX, a B H€EKOTOPbIX NpoOax uM Tpex HavOoNee KOHIEHTPHPOBAHHbIX pacTBOPOB 
cOuJIH B MOJOKe (puc. 1). Hepexko peakuua ObIIa HaCTONbKO BbIPaxKeHHOH, uTO 


Puc. 1. Orka3 oT MOJOUHO-COMeBbIX PaCTBOPOB C BbICOKOM 

KOHICHTp allel COJIM pH BBeqeHHH B XemynoK 300 ma 5% 

pactsopa NaC] (a). Tlepponauyanpupit pei6op BoccTaHaBJH- 

BaeTCA Mocae OMOPOAKHEHHA HW MpPOMbIBAaHHA XResyyKa. Kou- 

WeHTpalnuH comM B MomoKe: 1—2,5%, 2—1%, 8—3,5%; 
4 — soma 


2KHBOTHbI€ WJM TOJIbKO 4unCTOe MomOKO. M3mMeHeHve peaklMu BbIOOpa HacTy- 
aJl0 MOUTH BO BCexX Mpo6ax Cc BJIHBaHHeM B KelyoK 5% pacTBopa xJopucToro 
HaTpWA WM B 3HaUMTeMbHOM uacTH npod c 3% pactBopom. Tlepvoy BpemMeHH OT 
BBeJCHHA COeBOrO pacTBOpa B XKeNyAOK MO BbIABJICHHA H3MeHeEHHA peakiMu 
y H€KOTOPbIX %KMBOTHBIX He MpeBblluas 3—5 MHH.; B HeEKOTOPbIX Cly"anx OH 
3aTArHBasica Wo 15—20 mun. u Coulee. 

Tlocme onopoxKHeHHA H MpOMBIBAHHA 2XKeyKa BbIOOP MOJIOUHO-COJIEBbIX pac- 
TBOPOB BO3Bpalilaica K ucxofqHOMy. B psaje mpoO BpemaA BOCCTaHOBJeHHA 
cocTaBslavio Bcero 1—3 mMuH., HO HHOrfa OHO yAIMHANOCh No 1O—15 Muu. 

Jia Toro 4TOObI BbIACHHTb, HACKOJIbKO CMellMaJiM3HPOBaHHOH ABJIAeTCA 
_ peakluaA H3MeHeHHA BbIOOpa Np BBeeHHH B XKeMyMOK THMepTOHHYeCKUX pac- 
TBOPOB XJIOPHCTOFO HaTPHA, Obl NOCTABJICHbI ONbITbI C HaMOJIHeHHeM we yAKa 
co6aku Boxot (300—500 ma) u pacTsaxKeHHem ero OaioHoM. Hecmorps Ha JWIH- 
TebHOCTh MexaHHuecKoro pa3fipaxenusa (m0 1 uaca), B GoubIMHCTBe MmpoO 
M3MCHEHHA peakUMH BbIGopa He Mpoucxosuso. CiekyeT OFOBOPHTb BO3MO2K- 
HOCTh OOpa30BaHUA YCIOBHOTO pedleKca Ha pacTAxKeHHe CTEHOK Ke yAKa Mp 
BBeJICHHH pacTBopa COMM, Ha OOcTaHOBKY HM T. 1. OfHako B 9THX CAyYYaAX U3Me- 
HeHHe peakIMH UCUesaIO MPH MOBTOPHEIX mpoOax c BOO uM OaOHOM, Tora 
Kak MIOBTOPHbI€ BBEMCHHA COJIEBLIX PaCTBOPOB OObIYHO YCHJIMBaJIH H3MeCHeHHA 
peakUMuH BbiOopa. 
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[lo-BuyuMoMy, U3MeHeHHe BbIOOPa B HalMX OMbITAX BOSHUKAJIO BCJIEACTBHE 
HUMMYJIbCalW C HHTePOMeNTOPOB BePXHUX OTAEMOB MHUeBaPUTebHOrO TPakTa. 
Q6 3TOM cBHyeTeIBCTBYeT, Mpexke BCero, HeOOMbUIOM MaTeHTHbIH Mepvon (B 
pafle 1po6 OH Obl MeHbILe 3—5 MHH.) HU ObICTpoe BOCCTAHOBJIeCHHE MepBOHAataJib- 
HOH peaKUMM Moce OMOpOxKHeHHA UM MpoMbIBaHHA wXenyAKa. Ecam Obl WA U3- 
MeCHEHHA BbIOOPA ObIIO HEOOXOAMMO MpelBaPHTeJIbHOe BCAaCbIBAHHe COM B KPOBb, 
TO"yasIeHHe CoeBOrO PacTBOpa U3 2*eMyAKa Moce TOTO, KaK BbIOOP H3MeHHJICA, 
He JlOJXKHO OLWIO MIpHBOJUTb K BOCCTAHOBJIeCHMIO HCXOAHOK peakwuu. B HatinMx 
*Ke OMbITaX, KaK y2Ke YKa3bIBaJlOCb BbIIMe, OMOPORKHeHHE XKellyKa BbISbIBAaIO 
locTaTOuHO ObICTpoe BOSBpalileHHe K MepBOHaabHOMy BbIOopy. Kpome Toro, 
43 2%KelyKa He yCmeBaslO BCOCATbCA 3HAYMTEbHOe KOMMYECTBO COJIM, TAK KaK 
OObeM BLVIMBaeMOl pH OMOpOXKHeHHH 2XKelyLKa %AUAKOCTH Ob JIMUIb HEMHO- 
THM MeHbile OObeMa BBeJeHHOrO CO/leBoro pacTBopa. 


RS inacoeemnnl $ sei Losenncedinteee “7 


OMuH. H.| Lomun.| Siu mun: ; 


Puc. 2. U3menenne Bhi6opa MOJIOUHO-COUIeBbIX PaCTBOPOB IPH BBeACHHH B KeyOK 
5% pactzopa NaCl u otcytcrRHe aHalOrMHuHOH peakWHH Np BBeJeCHHH pac- 
TBOPOB TJIIOKO3BI, caxapo3b! wu 3% pactsopa NaCl. /—4— To xe, 4To Ha 
puc. 1, a — 27% caxapo3a, 6 u 2 — 27% ratwoxo3a, 6 — 3% NaCl, 0 — 5% NaCl 


O pedekTopHol mpupose HaOOMaeMbIX ABJICHHM TakxKe CBU]eTebCTBYIOT 
ONbITHI Ha coOakax, Y KOTOpbIX 5% pacTBOp XJIOpHcTOrO HaTpHaA peryApHO 
BbIZbIBaJ| H3MeHEHHE MMILeBOH peakKUHH, a 3% — He BbI3bIBaJI JlaxKe B TeX CJy- 
yaAXx, KOrfla aOcOJNOTHbIe KOJIMYeCTBA BBOAMMOH COM ObWwIH paBHbI (300 ma 
5% pactBopa u 500 ma 3% pacrsopa). 

IlepponHayabHO MbI paCCMaTPHBaJIH H3MeHeHHe peaKUHH BbIOOpa pH BBe- 
eH B KeyOK CcoOaku FHMepTOHHYeCKHX COJIeEBbIX PaCTBOPOB Kak OcMoOpery- 
JIATOPHY!0 peakIMiO Ha pasfpaxkeHHe OCMOpellenTOPOB 2%XKesyAKa HW Mpesnosa- 
raid, 4TO M300CMOTHYeECKHe COJIeBbIe PaCTBOPbl HeNIEKTPOJIHTOB  BBI30- 
BYT Takou *e s:pdekT. Onako Mocwelyioulve OMNbITbI! NOKa3aJIM, TO BBELe- 
He B MOMocTa wKesylKa 300—500 Ma pacTBopoB caxapo3bl HJIM TIOKO3bI He 
OTpaxkaeTcA Ha BblOOPe MOJIOUHO-CONeBbIX PacTBOPOB (puic. 2). Irv OMbITHI 1103- 
BOJIAIOT CUMTATb, UTO H3MeHeHHe BHlOOpa He ABJIAeTCA peaklMeH Ha OOe3BOxXKH- 
BaHHe, XOTH BO3MOXKHO, YTO HM MocweqHee UMeeT OMpesemeHHoe 3HaueHHe. 

EcJIM MpefMou0x%KUTb, YTO M€XaHH3M JeHCTBUA XJIOPHCTOrO HaTpHA, C OHO! 
CTOPOHBI, H CaxapO3bl H IIIOKO3BI, C ApyroH, — CXOJHbI, MOXKHO OXKULaTb B3auM- 
HOrO MOTeHIUMPOBaHHA JeHCTBUA STHX paspaxKuTesel. OHako B cnellMalbHo 
MOCTaBMCHHOM CepHH ONBbITOB OblwlIo MoKasaHo, ¥TO 3% pacTBop xsopucToro 
HaTpua B 27% riioKo3e WIM Caxapose He JaeT addexta, PeryJAPHO BbI3bIBae- 
moro 5% pacTBOpoM XJIOpHcToro HaTpHa. 

Kak OplIO OTMe¥eHO Bblllle, HMeeTCA PAN MOKasaTeMbCTB, UTO U3MeHeEHHE 
peakWMM BbIOOopa MpoucxoyuT pedarextopHo. Jima Toro uTo6pi YTOUHHTb MyTH 
pepsekca, JByM coOakam, y KOTOpBIX BBeJeHHe B Ke yLOK 5% xsopuceroro HaTpHA 
BO BCeX IpoOax BbISBaJIO H3MeHeHHe peak BbIOOpa, Obiia mpousBefeHa 
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| ABYCTOPOHHAA Mepepeska OulyxKAaloulMxX HepBoB Nox Auadparmot. Tlocae one- 
| palluM BBefleHne B 2xXeyIOK 5% pacTBopa MoBapeHHO comu jaBalo scbeKT 
MeHee 4eEM B MOJIOBHHE MpoO, MpH4eM 3HAYHTebHO YBeIHUMJICA CKPbITHIM Me- 
| pHod peakiMu. OTH OMbITbI NOKa3bIBaIOT, YTO H3MeHeHHe BHIOOpa pealusyercs 
pu yuacTuu addepeHTHbIX cucTeM OulyKflarollero HepBa, XOTA, 6e3 COMHeHUA, 

ONpefeeHHyIO POJb 3feCb MrpaloT H Apyrve WeHTPOCTpeMUTeIbHbIe MYTH. 

OTH JaHHbIe XOPOWO cormacy!1oTcH C 3eKTPOUusHONOrMYeCKUMH UCCeOBa- 
_ Husma B. E. Jlenopa, O. H. Samatunon u I]. A. Kucesepa (?). 

IIpopeqeHHble 9KCMEPHMEHTHI MO3BOJAIOT MpemnoMaraTb, uTO CHTHaM3alMs 
€ pellenmTopoB x*XelyqKa urpaeT CYyUIeCTBeEHHYIO POJIb B MHULeEBOM MOBeeHHH 
BbICIUHX XXHBOTHBIX, H ee BJIMAHHe HE MOXKET ObITb CBEeHO, KaK 9TO Npemnowa- 
raid paHee, K YHCTO KOJIMYCCTBCHHbIM BJIMAHHAM Ha YPOBeHb BO3OyRHMOCTH 
MIMULeBoro WeHTpa. 

Bene 3a pellenTtopamMu poToBoh MoocTH aHamu3 cBolicTB MocTymatouulert 
NHWH WH KOppeIAWUMA MMWeBoro NOBeeHHA MpOMoMKaloTCA HW B HM Kee Kalllux 
oTfelaxX MHULeBapHTeIbHOrO TpakTa. OO STOM CBHJeCTeIbCTBYeT HaJIH4ve BeECbMa 
CnelHaIM3HpOBaHHOH peryJAWHH coyleBoro alimeTHuTa MU, MO-BHHMOMY, Covle- 
Boro OalaHca 3a C¥eT CHrHaJOB, MOCTyMa‘ollNxX C MHTepoOllenTopoB xXKeslyAKa. 


Tlocrynuso 
5 III 1959 


WHTHPOBAHHAA JIMTEPATYPA 
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Jloxxanm Akayemunu nayrx CCCP 
1959. Tom 126, Ne 3 


PH3HOJIOTH A 


3. H. WMAAT 


V3MEHEHHE MPOHHWAEMOCTH FEMATO-3JHHE®AJIAYECK OPO 
MW FEMATO-O®TAJIBMHYUECKOFO BAPbEPOB TIPU 
NOHW)KEHHH ATMOC®EPHOrO JABJIEHHA 


(IIpedcmasaeno axademuxom JI. C. Imepx 25 II 1959) 


Bapbepuple (pyHKUMM MrpaloT BeCbMa BaxKHYIO POJlb B MosMepxKanHu Mo- 
CTOAHCTBA BHYTPeHHeH CpeAbI PAJa %H3HCHHO BayKHbIX OpraHOB H TOTOMy 
IM POKO H3y4aloTCA KaK B KJIMHHYECKHX, TaK HM B 9KCICPHMEHTAJIbHBIX YCJIOBHAX. 
Jia W3YYeHUA MpOHMIaemMocTH OMOJOrMYeCKHX OapbepoB MPpHMeHAIOTCA pa3- 
JIMUHbIC HHAMKATOPHI, B TOM 4WHCIe KpacuTemn, aeKTpomuTH (1°), a TaKxKe pa- 
JMoaKkTHBHBIe w30TONbI (°~§). 

Saflaua HacTOAlero HCCeOBaHHA COCTOAIa B BbIACHeEHHH YyCTOMUMBOCTH 
remaTo-SHUepasuyeckoro H TremMaTo-ofTasbMuyeckoro Oapbepos (LOB u FOB) 
K TaKOMY (akTOpy, Kak OpilcTpoe NoHMxKeHHe aTMOCdepHOrO JaBJeHHA. 

B cBxA3H C TEM, ITO WeHTPaJIbHad HepBHaA CHCTeMa OYeHb UYBCTBUTe/IbHa 
K runokcun (°""), nHTepecHoO OblwIO NpoceqUTb, He OcNaOJIAeTCA JM pH 3TOM 
cyukuua TOB. 

McceloBpaHua, Kacarloluecad mponuuaemoctu TOB, Opwim Hamu nmpegzmpu- 
HATbI B CBA8H C HMeCIONIMMUCH B HTepaType JaHHbIMH OO H3MeHeHHN PyHKIMO- 
ae COCTOAHHA OpraHa 3peHHA B YCJIOBHAX paspexKeHHOM aTMocdepbl 

14), 

VimetoTca JaHHble O NOBbILMeHHH COCyIHCTOH MpOHNWaeMocTH Mp CHHx*Ke- 
HHH Oapomerpuyeckoro JaBenus (1°) u mp ocTpol acduKkcuu (4, *). Bmecte 
c Tem [. E. Baaqumupos yka3bIBaeT Ha TO, 4YTO Yepes 6—8 u 12 yac. nocie 
MOAKOXHOTO BBeeHHA KpbicamM payuodochopa P* mponunaemocts TSB ue 
H3MeHAeTCA, Jarke pH Kpalinux cTeneHax runoKcuH (+9). 

B Hactosmel padore mpescTaBleHbl pesyibTaTb! 49 OMbITOB Ha Kpbicax 
16 ombITOB Ha MOPCKHX CBHHKax. 

PaspexkeHHoe MpOCTpaHCTBO CO3JaBalOCb Mo TepMeTHUeCKH 3aKPbITBIM 
CTCKJIAHHBIM KONAKOM. MuHMKaTOpOM CJlyKHJI payMoaKTHBHbIi cbocdop 
(Na,HP”O,), KoToppiii BBoqMICA B Jose 50 THic. umm/r c KONMUeCTBOM GOasuacta 
!—2urP na | xr. 

KppicaM 30TOM BBOJMJICA BHYTPHBCHHO, MOPCKHM CBHHKaM — BHYTpHOpi0- 
INMHHO. )KMBOTHbIe YOHBAIHCh JleKanuTaluel uepes 1 vac mocne BBe_eHuA 
M30TONA. 

PayuoakTMBHOCTb TKaHel HM OMOOrH4YeCKHX KU AKOcTEelLi olpeyelalach Ha 
yctanopke B-2 npu momoum cuerunka AC-2, 3aKm104eHHOrO B CBHHUOBON J0- 
MHK. Pe3yJbTaTbl MpescTaBJeHbl B Be OTHOCHTebHOM akTuBHocTH (100% — 
PaWOaKTHBHOCTb CbIBOPOTKH KPOBH). 

Bbwlo YCTaHOBJIeHO, YTO B HOpMe Yepes ac NOce BHYTPHBeHHOTO BBelle- 
Hua P* vys0Ton pacmpefennerca B OplraHH3Me KDPbIC BeCbMa HepaBHOMepHO. 
Ilo kommuectBy cop6uposaHHoro P* opraubi M cpelbl pactipesen sores crelyto- 
IMMM OOpa3s0M: Mo3r < KaMepHaa Bslara < CbIBOPpOTKa < KPOBb < cepaiie < 
meveHb < mouka. PesyibTaTbl STH HaXOAATCH B COOTBeTCTBHM C JaHHbIMH Xe- 
Beli HM Xana (°), 
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OrtmeyaeTca OU€Hb HH3KaH PaMOaKTHBHOCTb MO3ra H XKHKOCTH nepesHelk 
KaMEPbI Tvla3a 10 CpaBHeHHIO C APyrHMH OpraHaMu. Tak, OTHOCHTeIbHaA aKTHB- 
'HOCTb MOsra Kpbic, paBHad 21%, B 30 pa3 HMXKe, YeM OTHOCHTeIbHad AKTHB- 
-HOCTb CepfeuHOH MBILUIIbI, H B 70 pa3 HHXKe aKTHBHOCTH TKaHM MOUKH. 

B cepH OMbITOB CO CHH2KCHHEM JaBJICHHA KPbICbI TOTUAC XKe MOCe BBeJeHHA 
M30TOMAa NOMellasIHCb B OapoKaMepy, Te B TeyeHHe Yaca HaXOJMJIMCb Ha BbICOTe: 
4; 6 nau 12 xm. IIpu Obicrpom cHM2KeHHH aTMOCiepHOrO AaBJeHHA KPbICbI BHAa- 
‘Yasle MposBJIAIH OecnoKolcTBo; Ha Bblcore 7—8 KM Pa3BUBallacb aMHamua, 
pe3KO yUalllaiocb bIxaHHe; IPH 
‘“MOCJIEYIOUlEM CHH2KeHHH JaB- eo 
JeHHA TMOABIAICT UMaHOS; Ha yy 
-ypopHe 11—12 km >xHBOTHBIC 
3aHUMaJIM BLIHYKeHHY!O M03y, 
JIOXKUIMCh Ha XUBOT u ocTaBa- 
| JiMCb B TaKOM MOJIO%KeHHH, Ne- 
peBHraxcb Ou3KOM. 60 

Kak: BuaHO u3 pue. | A, 
‘\MpH CHM2KeHHH aTMocdepHoro 
‘“(aBleHusa yBemHuNBaeTCA Mpo- 
-HuljaemocTtb Kak ITOB, Tak u 
LOB. Creneub yBenuyeHuampo- gy 
HUWaeMOCTH 3aBHCHT OT cTene- 

HH CHYDKeHHA JaBslenud. Tak, 
Ha BbICOoTe 4 KM OTHOCHTeJIbHan a ii , 6 


aKTHBHOCTb MO3Tra BO3SpacTaeT, 
B cpefqHem B 1,4 pasa, a Ka- Puc. 1. Hsmenenue cozepaanua P%? B mosry (a) UB 


MepHoli Bara —B 1,6. pasa. KaMepHOH Buiare (6) Kpbic (A) uw mopcKux cBHHoK (5) 
6 ; Tloce yacoBoro mpeObipaHua Ha BbICoTe: / — HopMa, 
[IpH mpeOpiBaHHH Ha BBbICOTe 2—4 xm, 3—6 xm, 4—10 xm 


6 KM 9TH M3MeHeHHA  BbIpa- 

XKEHbI B OOJIbINeH CTeMeHH; OTHOCHT@IbHad AKTHBHOCTb MO3ra YBeJIHUMBaeTCA 
B 1,9 pa3a, a KaMepHoli Bularu B 2 pasa. Ha Bpicote 12 KM B Mo3ry HM KaMepHohi 
Bulare JlaJibHeillero yBeIM4eHHA HakollieHua P* He oTMeuaeTCa. 

BBuyy OveHb HH3KOM payMoaKTHMBHOCTH TKaHH Mosra, yBelHueHHve P*® B 
OMbITe MO CpaBHEHHIO C KOHTPOJIEM MOXKHO ObWIO Obl OTHECTH 3a CUeT YBEJIMYEHHA 
KpOBeHaNOJIHeHHA OpraHa. Jit BbIACHeEHHA STOFO BOMpoca B pAJe OMbITOB oN- 
peleas0cb KOJIM4eCTBO KPOBH B MO3FOBOH TKaHH OeH3HJHHOBbIM MeTOJOM 
(‘”). Oxa3anocb, 4YTO B HalliMX yCJIOBHAX OMbira KOJMYeCTBO KPOBH B MO3ry 
KoleOuleTcaA oT 0,25 no 0,45% uw He H3MeHHeTCA MocMe YacoBoro MpeObiBaHHA 
Kpbic Ha Bbicote. M3 storo clenyer, uTo yBeMueHve P* B Mo3ry MB KaMepHor 
Bylare KPbIC IPH MobeMe Ha pa3MUHbIe BLICOTLI CBHJeTeEMbCTBYeT OOLOcmaGue- 
HUH (yHKWHH OapbepHbix CHCTeM. 

Uceneqopanie! WapeHXHMaTO3HbIX OPraHOB MOKa3aJlO, YTO KOJIMYeCTBO Cop- 
6upoBaHHoro umMu P* Takxe BO3pacTaeT Mp CHH2KeHHH aTMOC@epHoro MaBwJie- 
HHA: Ha ypoBHe 12 km Avia cepa B 2,7 pasa, WIA MeveHH B 2,6 HM WIA MoueK 
B 2,3 pa3a. 

Jia MOpCKHX CBHHOK XapaKTepHa MeHbIUaA BbIHOCJIMBOCTb K CHM2KeHHIO 
aTmocdbepHoro JlaBienua. Yxe Ha BbicoTre 8—l10 KM Y HeKOTOPbIX 2KHMBOTHBIX 
OTMeUaJIHCbh pe3sKHe KOHHYecKHe cyyoporu. Kpome Toro, JIA MOPCKHX CBHHOK 
XapakTepHa MeHbIwaa mpoHuiaemoctb TOB u TOD no cpaBuenvto c TakoBoli 
WIA KDBIC. 

OrTHocuTeIbHad AKTHBHOCTb MO3ra MOPCKHX CBHHOK B HOPMe paBHa B Cpe/- 
Hem 4,7%, a KaMepHol Bularu 6,5%, B TO BPeMA KaK Y KPbIC AIA MO3Ta 95Ta Be- 
iuuuna coctapiser 21%, a Qua KaMepHoOH Baru 53%. 

Kak Buguo u3 pre. 1 5, npu mpeOpipanuu B ycloBusAXx! paspexeHHOH aTMoO- 
ccbepbl yBeIHUMBaeTCH MpoHuuaemocrb Kak IDB, tak’ u'TOb. Ha Bpicore 4 kM 
OTHOCHTeIbHad AKTHBOCTb MO3ra yBelMuNBaeTcaA B 0,7 pa3a, KaMepHOH BuJla- 
ru —B 2 pasa. Ha yposue 6 KM 9TO yBeMyeHHe JIA Mosra NouTH B 3S pasa, 
Jia KaMepHo Balaru B 4 pasa. OcobeHHO pe3KHe H3MeHeHHA MpOHHIaemMocTH 
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Ha Bpicote 10 KM, re OTHOCHTeMbHaA AKTHBHOCTb Mosra B 4 pasa, a KaMepHOH 
Baru B 8 pa3 Ooulble 10 CpaBHeEHHIO C KOHTPOJIeM. es 

Takum o6pa30M, y MOPCKUX CBHHOK HapylleHuA (yHKIMM OMosOrMyecKUXx 
OapbepoB Mmpv MobeMe Ha BbICOTHI Oolee 3HAUHTEJIbHbI, EM Y KPBIC. 

TlonyyeHupie JaHHble MO3BOIAIOT CUHTATb, YTO ObICTpOe CHHKeHHe aTMO- 
ccbepHoro JlaBJIeHHA BLISBaeT OCaOMeHHe (YHKUMM OapbepHEIX MpucnocoOseHuh 
B MO3ry H B Ivia3y. i 

Tot daxt, uro I. E. Baagumupos He Halles yBemuueHHA MpOHHWaeMocTH 
TSB y xppic quia P%*, ouepuqHo, OObACHAeTCA TeM, YTO OH MIPOH3BOAM HCce- 
WOBaHHs B Oouee MO3AHHe CpOKH Nocwe BBeeHHA M30TOTIA. 


Ojecckul rocynapcTBeHHEIi TlocrynHs10 
MCHUMHCKHH MHCTHTYT 20 II 1959 
um. H. MH. I]uporopa 
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Hokunann Akangemun nayr CCCP 
1959. Tom 126, N 3 


PH3ZHOJIOTH A 


Axayemuk JI. C. WITEPH, C. A. PAMONMOPT un M. M. PPOMAKOBCKA®’ 
POJIb HEPBHOM CHCTEMbI B H3MEHEHHH MPOHWLLAEMOCTH 
PHCTO-TEMATHYUECKHX BAPbEPOB IIPH OBJIY4EHHAM 


B panee lpoBeeHHbIx Hamu pa6otax (}, *) OblwIO ycTaHOBeHO, YTO OLHO- 
KPaTHOe TOTAIbHOe OO YYeHHe XMBOTHBIX CMePTeJIbHOH O30 PeHTTeHOBCKUX 
yueH BbIsbIBAaeT PaHO HacTyMaloliMe H3MCHEHHA MPOHMIaemMocTH PucTO-reMaTH- 
yeckHx Oapbepos (ITB) nevenn, MbIu H MO3ra H UTO NpesBapvTesbHOe BBeeHHe 
HOBOKaHHa, ATPONHHA WJIM MOP(UuA TpenmATCTByeT BOSHHKHOBEHHIO:’ STHX H3Me- 
“HeHnH. 

| B HaCTOALIEM HCCJI€OBaHUH BHIACHAJICA BOMpOC, COXpaHAeTCA JIM 3all\HTHOe 
-(eHcTBHe HeHPOTPOMHBIX BeleCTB Mp UX BBeeHHH Moce OOyYeHUA WH Kakoe 
BJIMAHHE OKa3bIBaeT BBEeHHe HEMPOTPONHbIX BeLLECTB WO WIM Mocse OGyueHUA 
Ha IIpOJOKUTeIbHOCTh %KH3HH OOJIYYCHHBIX XKHBOTHDIX. 

BAauUAHHe BB€LCHHA HEHPOTPONHDX BeMecTB NoO- 
cme oOO6NYuUeCHHA HA NPOHHUAeCMOCTH LTuCTO-remMaTu- 
yeckKuHxX Oapbepos. Pa6ota mpoBeseHa Ha OembIx Kpbicax Becom 130— 
160 r. OOmy4ueHHe Mpon3BoOAuIOcb o30h 800 r, Ha annapate PYII-1, npu ycao- 
BUAX: HanpsxeHHe 180 KB, cua ToKa 10 Ma, paccTosHHe 30 cM, MOLIHOCTb 
osu 31,4 r/Mun, cumprppr: 0,5 mm Cu + 0,75 mm Al. MugquKxatopom npoxu- 
WaeMOCTH CIY2KU palwoaKTHBHBI uszoTon cdocdopa (P*) B Bune Na,HP*Q,. 
4 »Cu P® B o6beme 0,5 Mil BBOAHJIM XKHBOTHBIM B BeHY HIM B cepaue. Uepes 
45 MuH. Tocile OOJyYeHHA HM BBeEJeCHHA H30TOMAa XAKUBOTHBIX JeKaNHTHpOBaJH. 


TaoOauna 1 


Buausnue oOaysyeHua Ha MpOHMMaeMocTb THcTO-reMaTHYeCKUX GOapbepoB MpH 

BBCJCHHH pa3HUHbIX HeHpOTPOMHEIX BellecTB O HU Noce oOOyyeHHA (paHo- 

AKTHBHOCTb TKaHelt BbIParKeHa B MpOWeHTAaX OT PaqHOaKTHBHOCTH OJHOBpeMeHHO 
B3ATOM KPOBH) 


| PaquvoakTUBHOCTb TKaHeli 


Bapuaut 

| MO3r neuveHb 
Bes o6myyeHHa 8,850, 4 75752 
O6nyuenve 800 r 12;,9=40),9 1376--62 

Bsemenue HOBOKaHHAa 
a, Heo6syysenHbIM 2XHBOTHbIM 42,6-+0,7 1373-+124 
3a 10—15 mun. Jo OOyueHHA 43-++0,8 4317+135 
Uepes 5 MMH. mocule OOlyyeHHA 12,541,5 1361-+-101 
6. Heo6OmyueHHbIM %KHBOTHIM 6,9-+0,02 872-+77 
3a 10—15 muH. Fo oOnyueHHA 7,8+0,9 930-+-46 


Bsejlenue aTponuna 
Heo6syueHHbIM %XHBOTHBIM 1,1=20,7 832-48 
3a 10—15 Muu. Jo oOmy4eHHA 8,1+0,8 828-++61 
Uepes 5 MuH. nocie OOyyeHuA 8,8-+1 1002-++-85 


Bsewenhe mMopoua 


Heo6sy4eHHbIM %KHBOTHbIM 6,12-+40,5 566-449 
3a 10--15 muH. Jo oOmyueHHaA 6,4+1 5097-+60 
Uepes 5 mMaH. nocme oOmyyeHuA 8,14-+40,6 779-+40 


PamuoakTuBHOCTb OMmpeeiaacb Ha ycTaHoBKe TuNMa 5 Cc NoMOL{bI0 a/lIOMHHHe- 
Boro cyuerunka AC-2. [loka3aTesieM MpOHHWaeMOCTH CJIyKHJIO OTHOWMEHHE patHo- 
AKTUBHOCTH TKAaHH K PaMOaKTHBHOCTH OMHOBPeMCHHO B3xATOH KPOBH. 
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Heiiporponupie BellecTBa BBOAWJIHCb 2KHBOTHBIM BHYTPHOPIOWMHHO, Yepes } 
5 MMH. nocne o6yueHHsa, B KomMuectBe: 1% HOBOKaMH 2 MJ (a) H 0,5% Ho- } 
BokavH 0,6 mu (6), 0,1% arponux 1 ma, 2% mopduit 0,5 ma. Pa6ota mpose- | 
yeHa Ha 90 xkppicax. 

Kak BHO v3 Ta6ul. 1, BBeEMeHHe HOBOKaMHa KOHTPOJIbHbIM 2KHBOTHBIM B JO3€ fj 
20 mr Ha %HBOTHOe 3HaYMTebHO MOBbIWaer MpoHutaemocTh ITH. 

Bpeyleuve HOBOKaHHa Yepe3 5 MHH. Mocule OOyYYeHHA, KaK HM BBeeHHe EFo | 
3a 1O—15 MuH. Jo OOyYeHHA, MpemaTcTByeT PasBHTHIO M3MeHEHHH MpoHHlae- 
moctH ITB. ; 

Heo6OxoyuMo, OHaKO, OTMETHTb, YTO Pe3KOe MOBbILIeHHe MPOHHILAeMOCTH | 
TICUeCHH, BbISBAHHOe BBeJeHHeEM HOBOKaHHa, JO HeEKOTOPOHM CTeMeHH MaCKHpyeT 
paHHee noBbilueHie mponutaemocta TTB nevenh nol BIMAHMeM OOJLYYeHHA. | 

Bpejlenve aTpOnWHa KOHTPOJIbHBIM %KHBOTHBIM He BJIMAeT Ha MPOHHIWaeMOCTb 
remaTo-9Hiedauueckoro Oapbepa (IOB) u IIb nevenn. OouyueHnne XKHBOT- | 
HbIX NMocsIe BBeECHHA aTPOMMHA He BbISbIBAeT HHKAKHX M3MeCHEHHM, NPOHHIae- | 
moctw ITB. 

BpeseHue aTpomuua vepes 5 MHH. Mocse OOMyYeHHA MpeMOTBpaillaeT U3Me- 
HeHHe mponuuaemoctu TSB u ocsa6aser u3MeHeHHe MpOHHIaemocTH Oapbepa 
meueHu y OOJYYeHHEIX 2XMBOTHBIX (Tau. 1). : 

IlpenorBpawieHue u3MeHeHuH TOB spefenwem aTponmuua fo UH Nocwe 
oOJIyYeHHA yKa3bIBaeT Ha yuacTHe NapaCHMMaTH4eCKOH HePBHOM CHCTeMbI B Me- 
X@HH3Me BO3HHKHOBeCHHA JIYUeBbIX HapylleHHl mpounuaemoctu TOB. 

IIpu TpakToBKe JaHHbIX, NOJIYYeHHbIX B OTHOWeHHH MevyeHH, HeOOXOMMO 
YUHTbIBATb, YTO HapylueHHe nmpoHuuaemocTu TTB nevenv, BABI AIOULeecA TOT- 
yac Mocule OO Y4eHHA, BOSHHKaeT, NO-BHAHMOMY, y2Ke B Tpollecce oOyyeHHA 
(4,2). 

Ilostomy HesHayvTebHOe NOBbIWeHHe MpoHHilaemocTu [Ib neyenu, oTMe- | 
yeHHOe HPH BBeMeHHH aTPOMMHAa BCKOpe Mocwe OONyYeHHA, He HCKIONAeT | 
yuacTHa tapacuMnaTuyeckoH HePpBHOM CHCTeMbl B Me€XaHH3Me€ BO3HHK- + 
HOBCHHA HW JlaJibHeHWero pasBHTHA STHX HapylWwenuH. 

Bpeenue Mops KOHTPOJIbHbIM X%KHMBOTHBIM CHHKaeT WpoHulaemocTtu TIB 
u ITB nevenu. Baeyenne mopdpusn fo o6syyeHHA NOMHOCTbIO MpesoOTBpatlaer 
W3MeHeHHe TpoHniaemoctTu TTB, seisbipaemoe o6syuenvem. Brejenne xe MOp- 
(pHxA Yepe3s 5 MHH. Nocwie OOMYYeHHA TOMbKO OCMaONAeT STH H3MeHEHHA. 

PesyuIbTaTbl STHX HCCeTOBaHHH MNOKa3bIBalOT, YTO HEPBHble MeXaHH3MbI 
MrpaloT 3HaAUHTeJIbHY!O POJlb B BOSHHKHOBeCHHH HM B JlaJibHeHIeM Pa3BUTHM V3- 
MeHeHHH mponHiaemoctH ITB, BpispaHHbix oOyyeHHeM. 

SHaueHwe HePBHBIX M€XaHH3MOB B BOSHHKHOBeCHHH M3MeHeHH MpoHHuae- 
MOCTH KalMJIJIAPOB HM pxfla Apyrux JlyyeBbIX NopaxkeHHH YCTaHOBJeHO B NocueL- 
HHe Obl MHOrHMH HccuiexoBatTestamu (371%), 

Jluteparypubie aHHbIe O BbICOKOH YYBCTBHTeIbHOCTH OpraHOB OproliHO 
NOJIOCTH K J€HCTBHIO MOHM3MPylolleH pafuallMu, KaK HM OTCYTCTBHe JIyUeBbIx 
H3MeHeHHH NpoHuuaemoctu TTB mpu skpanupoBaHHu OpiowHo o6nacTu, npu- 
BOAAT K MBICJIM, YTO H3MeHeHHeE MpoHHiaemoctu ITB o6ycopneno Hapyie- 
HHAMV, BbISBAHHBIMH OOJLYUCHHeEM OpraHOB OpKCWIHOM MosocTH. 

Jf MpOBepKH STOTO NOOREHHA ObWIM MPOBeJeHb! OMBITH, B KOTOPbIX o6y- 
YeHHe KUBOTHBIX MNPOH3BOLMJIOCb MPH BbIKJIOUCHHH pellenTOpoB OprolwHoli 
MOJIOCTH. 

VsouMpoBanHoe BBIKIOUeHHe pellenTOpoB Op1owiHO MonocTu Jocturanocy 
BHYTPHOPIOWMHHEM BBexenvem 1,0 Ma MacuaHoro pacTBopa aHecTesupyiclnx 
BellecTB (1 r anecTesuHa, 0,5 r HOBOKaHHa B 100 ma mepcnKoBoro MacJla), 
KOTOpbIM, NO JIMTepaTYPHbIM JaHHBIM, BbISbIBaeT JJIMTebHYIO MeCTHYIO aHecTe- 
3u10 (4). 

AnectTesHpylollu pacTBOp B MoforpeToM Bue BBOLWICA 3a 17—18 vac. 
no oOmyueHnsa. 

Tlonyuenuble pesybTaTbl MpHBeleHbI B Tab. 2, “3 KOTOpOH BUAHO, uTO 
OOy4eHHe 2KMBOTHBIX MOCHe BbIKIOYeHHA PellenTOpoB OprolHOH, NomocTu He 
BbISbIBAeT MOBbIMeHHA MpoHHlaemoctu ITB. 
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TAO mii a2 


BuMAHMe MACJIAHBIX PaCTBOPOB aHeCTeSHPyIOWIMX BelleCTB Ha MpoOHHMaemMocTb 
PHCTO-reMaTHYeCKHX OapbepoB y OONyYeHHBIX KMBOTHBIX 


PaquoakTHBHOCTb TKaHeH * 
Uuca0 
Bapuaut 
os a ate MOST Tle veHb | MOuKH 
)KMBOTHBIe HeO6JyYeHHbIe 15 8,8-+0,4 797 52 72684 
)KUBOTHEIC, OOJyuYeHHbIe 
800—1000 r 44. | 12,9-40,9 1376-62 1197--87 
JKUBOTHBIE, OOMYYCHHHIC 4e- 
pes 17 uac. nocame BBere- 
HHA aHeCTe3Hp. BeliecTB 4 6,6-+40,9 840+-94 826-468 


es PamquoakTHBHOCcTh TKaHelt BbIpawKeHa B MpoOWenTax OT PawHOaKTHBHOCTH 
OJHOBPeMeHHO B3ATOH KpOBH. 


BAWMAHHe BBERCHHA HeEUPOTPONHHX BeWeCTB Ha 
BHIKHBaACMOCTb OOMYYCHHHDX KUBOTHHX. B cBxA3u Cc ycra- 
HOBJICHHbIM 3aUlHTHbIM BJIMAHHEM HEKOTOPbIX HCHPOTPOMHBIX BeULeCTB B OTHO- 
WIeHHH PaHHUX JIyYeBbIX H3MeHeHHH MpoHuuaemocTtu TTB u nopamkeHni KocT- 
Horo Mosra (7), MpelcTaBAIO HHTepeC BBIACHHTb BJIMAHWe 9THX BeLLeCTB Ha 
MPOMOJMKUTEIbHOCTh XKH3HH OOJYYeCHHHIX HKHBOTHHIX. B mwHTepaType BcTpeyaer- 
CA PAX yKa3aHHH Ha BbIKHBaeMOCTb OOJIYYCHHBIX 2KHBOTHBIX NOCIe BBeJeHHA 
aTponuna (1°), Gap6urypatop u mopdua (2%-?%), 

B sToH cepHu 9KcnepHMeHTOB OOyyeHHe MpoH3BOAMIOcb Ha alimapaTe 
PYTI-1 B qo3e 800 r, mpu MomHocru 31,4 r/MuH, HM Ha ycraHoBKe Co B jose 
900—1000 r, mpu momHoctu 40 r/muH. 

TaoOauna 3 


CYII-1 800 r Co, 1000 r Co, 900 r 
Bapuaut 7 SS - 
a | 6 | 8 a | 6 | 6 a | 6 6 
Bpeyeunve 3a 10—15 mun. Jo o6myyeHHuA 
KoutTpoub 17 0 Ue | Oe Wt Aas) I ey? 0 10 
Hosoxauu 6 0 7,2) 30 0) 4 — -—- — 
ArTponuy WD Son Gazi | Ze 0 5,4} — — — 
Mopout 24 De IVa |) 2 | ake} 1253 7 Te — 
Bpeyenuve uepes 5 MMH. Mocme OOsyueHHaA 
KouTpoub 16 0 10 De 1,71 4,844.22 0 10 
HosokauH % 0 12°30 oad 0) Chath |p XO BS 12,8 
ATponuH 15 6,6 | 10,2 | — — = |) = = = 
Mopouit 22 4,5} 9,3[ — — pom |) = == 


IIpumMeuauue. A@—uvCAO X%KMBOTHSIX, O—BbIKMBaeMOCTh (B %), 6 — cpeqHAA 
MPOMOJMKHUTEMbHOCTh %KH3HH (B JHAX). 


* Hopokav BBOAUICA exKeZHEBHO Nocse OOyueHHA. 


Uccneqopanud Obiw mpoBeseHbl Ha 329 Kpbicax. Heliporpomupie BetlecTBa 
BBoquHCh 3a 1O—15 muH. Jo oO1yueHHA HM Yepes 5 MHH. Moce OOyueHHA: 
HOBOKaHH B J103e 20 Mr Ha X2XMBOTHOe, ATPONHH B 03e | Mr Ha 2KHBOTHOS UM MOP- 
but B nose 10 mr Ha xxuBoTHoe. IlomyyeHHble pesyJIbTaTbI IpuBeseHbI B TAG. 3, 
M3 KOTOPOM BHAHO, 4TO TIpH BBeeHHH HeMPOTPOMHHIX BelllecTB JO OOyYeHHA 
TOJIbKO MOp(PHit OKa3bIBaeT YeTKOe BJIMAHHe Ha BbIKMBaeCMOCTbh OOJYYeHHbIX 
2KHBOTHBIX. 
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IIpu oOfHOKpaTHOM BBeeHHH Mocsie OOMYYeHHA TOJIbKO HOBOKAaHH BbISbIBaJL |p 
He3HaUMTeNbHOe YBEHUCHHE CpeMHell MPOMOMKUTENbHOCTH HUSHH OOMYYeHHBIX || 
*KMBOTHBIX. B HeKOTOpBIX 9KCHepHMeHTax oOOyyeHHe Co mnpousBoqusocb B | 
nose 900 r, HOBOKaHH BBOMIN B KoJMyecTBe | Ma 1% pacrBopa c NepBoro 
JHA Tlocuie OOy4UeHHA. 

Kak BuHO u3 TaOn. 3, u3 20 Kpbic, NOMyYaBLIMX HOBOKaHH eKeHeEBHO C 
Tepporo JHA mocie oOmyyenua, 5 Kppic (25%) nmpoxuso 30 AHeh. Cpequan 
MIPOJOKUTEbHOCTh XUSHM OCTAJIbHBIX XKMBOTHBIX paBHAacb 12,8 AKAM, pH 
CpelHeli MpOMOMKUTeMbHOCTH 2KH3HH KOHTPOJbHBIX XHBOTHBIX (OO YYeHHBIX 
6e3 nocueyroulero BBeeHHA HOBOKavHa), paBHoH 10 AuaAm. IIpu paccmorpe- 
HUM pe3yJIbTaTOB, NOJLYYeHHbIX MpH BBeAeCHHH HeHPOTPOMHbIX BelllecTB Noce 
OO YYeHHA, 3aCIyYKUBaeT BHHMAHHA TOT (akT, YTO H3 22 KPbIC, NOMYYMBIUMX 
Mopdbuli yepes 5 MH. Tocue O6lyyeHusA, 6 KpBIC NOrHOM B MepBple cyTKH. YuH- 
TbIBAA, UTO KPbICbl, OOyyeHHble 800 r, OObINHO B NepBble CYTKH He MorHOawrT, 
MOXKHO MIpeAMOOKUTb MOBbIINeCHHE UYBCTBHTEIbHOCTH OOJIYYeHHbIX MKHBOT- 
HbIX K BBeJleHHIO MOpdHsA. 

SallluTHOe JelHcTBHe MOpPduA GOJIbIIHHCTBOM aBTOPOB IIPHMHCbIBaeTCA TKa- 
HeBOH THMOKCHU, OOyCJIOBJICHHOH TOPMOXKeHHEM bIXaTeIbHOrO WeHTpa. Takoi 
M€XaHH3M 3alllMTbI MpesnouaraeT BKIOUeHHe ero yxKe B Mpollecce OOMyYeHHA. 
Sto HaxOMT MOATBepxeHHe B MpesoTBpalleHHU ruCeH OOJYYeHHBIX KHBOT- 
HbIX TOJbKO pH yYCOBHM BBeeHHA MOpduA Jo oOyueHHs. 

OjHaKO MHTHMHbI MeXaHH3M 8allMTHOTO JeHcCTBHA MOpdHvA, BBeeHHOTO 
WO WIM Mocne OG VYeHHA, HeIb3A elle CUHTATb OKOHYATEJIbHO PelICHHbIM. 

Ilpu BBeqeHHU HEMPOTPOMHbIX BeULeCTB Nocwie OOYYeHHA 3allUTHOe ehcTBue 
OKa3bIBaeT TOJIbKO @XKeHEBHOe BBeJeCHHe HOBOKaHHa. 

IIpupeyenuble HaOmI0eHvA YKa3bIBalOT Ha 3HAUMTeIbHYIO POJIb HEPBHBIX 
Me€XaHH3MOB B JIYYeBbIX HapyWIeHHAxX MpoHHuaemocTw ITB u B pa3BuTuu Jy- 
yeBol OOe3HH. 

IlonyueHHbie HAMM pe3yJIbTaTbl, KaK HM JIMTepaTYpHble JaHHble, MPHBOLAT K 
3aKJIIOUeHHIO, UTO 3all\MTHOe JelHCTBHe HOBOKaHHa OOYCJIOBJIEHO BbIKJIOUCHHEM 


pellenTopHoro 3BeHa pedeKCOB, BOSHHKAIOWMX MpH OOMYYeHHH B pesyJIbTaTe 
M3Me€HEHHA XHMH3Ma OpraHOB H TKaHel. 
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IMBPHOJIOLH A 


M. K. CBAHH]3E 


OCOBEHHOCTH PASBHUTHA 3PHTEJIBHOrO HEPBA 
WM CETYUATKH CKAJIMCTOM SLEPHILLbI 


(IIpedcmaeneno axademuxom H. H. Ilmaavzaysenom 23 II 1959) 


Hisyyenve ructoreHe3a Tla3a CKaJIMCTOH AUepvllbl BbIABHJIO pay, ocobeH- 
HOCTeH B Pa3BHTHH 3PHTeIbHOrO HepBa H MpHwexKalllMxX K HeMY OTJeJIOB CeT- 
yaTKH. 

AnajIM3 MaTepHala Moka3asl, 4TO AuqdepeHntvalluA BHYTPeHHero JMCTKa 
SMOPHOHAJIbHOrO Tla3a ALWLEpHbl TeveT HepaBHOMepHO. HayaJbHbIe 3TaME Lud- 
(bepeHUMpoBKH (9MOpvHoH 8 MM JWIMHbI), 3aksIOUAaIONIMeCA B BBbIJeeHHH u3 O6- 
mleH, HHAM@epeHTHOH KJIETOUHOH MacCCbl CJIOA TaHTVIMO3HbIX KJICTOK, 3aXBaTHbI- 
Bai0T JIMIb JOPCOKayJlaJIbHY!0 OOACTb BHYTPeHHEPO JIMCTKA, COOTBETCTBYIOLLYIO: 
OyyuleMy 2KeJITOMY NATHY peTHHa. Tosa ocTabHOHM 4YacTH JMIWeHa KaKOro- 
HOO NoflpasqesleHHA Ha COM HW COCTOMT H3 THMHUHBIX BepeTeCHOBHHbIX KJle- 
TOUHBIX 3JIEMCHTOB, AKTHBHO MHTOTHYeECKH JeJIAWIHXCA B HapyXKHOH OG6sacTH 
muctKa. Iloqo6Had acCHHXpOHHOCTb B HHTeHCHBHOCTH uddPepeHUMpoBKH! pa3- 
JIMYHBIX OOJIaCTeH BHYTPeHHero JIMCTKa 3aMeTHa H Ha Ooslee NO3SAHUX cTaqHAx 
(oMOpHoH 9 MM JInHbI). CoxpaHsrolleeca pasIH4He 3aKIOUaeTCA,B MpoosKato- 
uleHCA HHTCHCHBHOH WuddepeHwupoBke opco-kKayaibHOH OONlacTH HU B Bbije- 
JIGHHH, TOMHMO CJIO€B HEPBHbIX BOJIOKOH H TaHIvIHO3HbIX KJIETOK, TaK%Ke BHYT- 
peHHero sAjepHoro cyiox. Pa3sBpuTue ocTaJibHOH YacTH JIMCTKa TeyeT MefWIeHHee 
M MpHBOLUT K OOpas0BaHH!l0 3HaYHTeNbHO Oowlee CM1a6O pasBUTOFO CJIOA HEPBHBIX 
BOJIOKOH H CJIOA PaHIVIMO3HbIX KeTOK. B oTmMuMe OT MOpcoKayaIbHOH OOacTH 
KaMOHaJIbHbI COM OCTaJIbHbIX OTJeJIOB BHYTPeHHero JIMCTKa (Ha 9TOH 2%Ke 
cTaqHH pa3BUTHA) COXpaHeH HM BKJIOUaeT MaJIOUNCJICHHbIe MHTOTHYeCKH [lesA- 
UlMMecA KJI€ETKH C MapaJJiesIbHbIM H MepNeHAHKYJIAPHbIM PacnosO*KeHHeM Bepe- 
TeHa OTHOCHTEJIbHO MOBepXHOCTH ria3sHOH yawn. TlocmeqHee cBUJeTebCTBYeT 
06 OJHOBPeMeHHOM NOMOJIHEHHH KJleTKAMH KaMOHHAaIbHOrO COA. Ha MocwesLyto- 
IWMX CTaMMAX pasBuTHA (OSMOpHOH 10 MM AWHHbI) pasiMyuA B DHd@depeHuHpoBKe 
OT@JIbHbIX YUACTKOB BHYTPeHHeErO JIMCTKa CrvlaxKHBAaIOTCA. 

OnucanHan juddepeniMalua TOM BHYTpeHHero JIMCTKa onpesleiner 
XapakTep pa3BHTHA 3PpHTeJIbHOrO HepBa. BuaarofapA paHHeMy YCJIOXKHEHHIO 
CTPYKTYPbI Jopco-KayflabHOH OOacTH, BbIpaxkaloleHcA B BbIAeeHHH CJIOA 
TaHIJIHOSHbIX KJIETOK, H€PBHbI€ OTPOCTKH STUX KJIETOK, HHTCHCHBHO pacTyline 
MO HanpaBJeHHIO K CTeOeIbKY Pla3HOH Yall, Ha JaHHOW CTaqMu PasBUTHA OKa- 
3bIBaIOTCA EMHCTBEHHbIMH OOpPasyIOWIMMH BCIO MaCCy 3PHTeJIbHOrO HepBa H Mep- 
BbIMM BCTYNalOllMMH B KOHTaKT C HEPBHbIMM KJIeTKAMH MpOMe*KYTOYHOLO Mosra. 
OjHocTopoHHee BpacTaHHe HepBHbIX BOJIOKOH B NpocBeT cTeOesbKa MpHBORMT 
K BBbIJeeHHIO H3 BHYTPeHHeErO KpasH JIMCTKA JIMIb YaCTH KJIeTOK, yuacrByio- 
WUX BHOCeACTBHH B OOpa3s0BaHHH COCOUKAa 3PHTeJIbHOTO HepBa. Cane 

B nepvog BpacTaHus HEpBHbIX BOJIOKOH B CTeOeeK M OOPasoBaHUA 3auaTKa 
3PHTeIbHOrO HepBa HauHHaeT POPMMPOBATLCA M ero iMaJibHasd OcHOBa. lspe- 
CTHO, UTO PIMaJIbHbIe KJIETKH OOPasyIOTCA 3a CUeT PaSMHOXKEHHA HW BKJIIOUEHHA 
B TOJIULY 3PHTeEbHOFO HepBa KJeTOK CTEHKH cTeOerbKa (', *), YTO HaOMOMaNOCcb 
H B HallleM Culy¥ae, OHAKO OKa3aJlOCb, YTO OCHOBHAA MaCCa TVIMaJIbHbIX KJIETOK 
pasBUBaeTCA M3 OTJEIOB BHYTPeHHEFO JIMCTKA, MpHeKallMX HenocpeACTBeHHO 
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K cTeOelbKy Tla3sHoH ual. KaeTkH 9THX KpaeBbIX OTACMOB BHYTPCHHCTO JM-— 
CTKa, BKJIIOUaA KJIeTOUHbIe 3IeEMCHTbl HeKAMOMAJIbHOH 30HbI, BOBJEKAaIOTCA B 
MUTOTHYeCKHii Mpolecc H HayHHaiOT CMellaTEesA Mo cTeOesbKy, PacnosaraAnch 
M@XKy PpacTYLMMH HePBHBIMH BOJIOKHaMH. OcoOeHHO aKTHMBHO yUaCTBYIOT B CME- 
WLCHHH KeTKH HelkuddpepeHUMpoOBaHHbIX KpaeBbIX OTACJIOB BHYTPeHHero JIM- 


Puce. 1, Topu3o0ntaibubili cpe3 okomocTeOebKOBON OOaCTH Pia3sHOH Yalu SMOpHoHa CKasuCTOH 

AULepHUbI Ha CTaqHM Havasa OOpas0BaHHA 3puTembHOrO HepBa. / — cao LudpepenuupoBpaHHad 

o01acTh BHyTpeHHero wucTKa; // — OOacTb BHYTPeHHE"O JIMCTKAa, BKIOUAalOWad COM HepBHbIX 

BOJIOKOH (@) H COM TaHrsMOSHbIX KeTOK (6). OOpatjaeT Ha ceCOA BHHMAHHE HHTCHCHBHOe CMelile- 

HHe KJICTOK BHYTPCBHErO JIMCTKA B TOJULy tbopMupyloulerocA 3puTebHOro HepBa (6). Kees HbIL 
remaTokcumuH Teipeuralina. 450 


CTKa, JIMMICHHbIX TaHriMo3HOrO cod. Croco6HOCTb K MaCCOBOMYy JIeJIeHHIO 
cOXpaHeHa Y BHeAPMBIIMXCA NO XOy HepBa KJIeTOK BHYTPeHHero JIMCTKa HW Ha 
MO3IHUX CTaqMAX, KOra B OOPas0BaHHH 3PHTeIbHOTO HepBa MPHHUMAIOT y4a- 
CTHe OTPOCTKHM BCeX FaHrIMO3HbIX KseTOK. IloroK KNeTOK BHYTPeHHero JIMCTKa 
3HAYHTeIbHO OcaOeBaeT Ha CTaquH 9 MM; TIMaJIbHbIe KJIeTKH Ha4MHaIOT pac- 
MoaraTbcA MpPOAObHbIMH psxAaMu. 

IlpupeqeHHble aHHbIe MO3BOAIOT MpeMMIOHKUTb, TO TerepOXpOHHA B 
AudepeHiupoBke BHYTPeHHerO JIMCTKa, BbIpaxKeHHaA B BbIeIeHHH Ha paH- 
HAX CTaQMAX Pa3BHTHA FaHTVIMO3HOFO CJIOA JIMMb B JOPCO-KayasbHOH OOacTH 
Yall, HW CBA8AHHOe C.STHM OOPa30BaHHe 3PHTeIbHOrO HepBa BOJIOKHaMH KJIeTOK 
TOJIbKO STOO y¥acTKa CBHJeETEIbCTBYIOT O (uslOreHeTHYeCKOH ApeBHOCTH JaH- 
HOO pellenTOpHorO Moa. YuacTHe KJIETOK OKONOCTeOeIbKOBOM OOMACTH BHYT- 
peHHero JIMcTKa HW OOPas0BaHHM TVIMaJIbHO OCHOBBI 3PHTebHOrO HepBa, oUe- 
BUAHO, OObACHAeTCA OOWIMM HCTOUHHKOM (OpMHpoBaHUA acTpolluTapHoH run 
H OJMFONeHIPOrIMH 3PHTeJIbHOrO HepBa MH MIOJIIePpOBCKHX BOJIOKOH CeTUaTKH. 


VWuctutyt 3000rnn Tlocrynuso 
Akajylemuu, Hayk Ipy3CCP 20 II 1959 
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